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PREFACE. 


C  menu  STANCE!  Ii&ring  led  me,  in  nai-ly  life,  to  take  an  mtereit  in 
practical  hydraulics,  I  became  anxious  to  obtain  an  account  of  all  the  g< 


IS  employed  by  different  people  to  raise  water — whether  for  domes- 
be,  agricultural,  mining,  manuFactunng,  or  other  purposes  ;  and  g;reat  was 
the  disappointment  I  felt  on  learning  that  no  book  cont&iniDg  the  informa- 
tbn  1  sought  had  ever  been  published.  This  was  the  case  between  thirty 
and  forty  years  ago ;  and,  notwithstanding  the  numerous  journala  and  other 
works  devoted  to  the  useful  arts,  it  is  in  a  great  measure  the  case  still.  No 
one  publication,  so  far  as  my  knowledge  extendi,  has  ever  been  devoted 
to  the  great  variety  of  devices  which  the  human  intellect  has  developed 
for  raiding  liquids.  That  such  a  work  is  wanted  by  a  large  class  of 
niechanics,  if  not  by  others,  can  hardly  be  questioned ;  and  it  is  somewhat 
surprising  that  it  was  never  undertaken. 

It  appears  from  La  Hire's  Preface  to  Mariocte's  Treatise  on  the  Motion 
ef  Fluids,  that  the  latter  philosopher  often  expressed  a  determination  to 
write  "  on  the  different  pumps  and  other  engines  which  are  in  use,  or  which 
have  been  proposed,"  but  unfortunately  he  did  not  live  to  carrv  his  design 
into  effect  The  celebrated  work  of  Belidor,  from  its  extent,  and  the  variety 
of  subjects  embraced  and  illustrated,  stands  at  the  head  of  modem  works 
on  hydraulic  devices  ;  hut  of  the  four  large  volumes,  a  small  part  only  is 
devoted  to  machines  for  raising  water,  and  many  such  are  not  noticed  at 
all  :  besides,  the  cost  of  the  work  and  the  language  in  which  it  is  written 
will  always  prevent  it  from  becoming  a  popular  one  with  American  or 
English  machinists. 

Having  in  the  course  of  several  years  collected  memortuida  and  procured 
most  of  the  works  quoted  in  the  following  pages,  I  have  attempted  to  pre- 

Eare  a  popular  volume  on  the  subject — something  like  the  one  I  formerly 
inged  for — feeling  persuaded  that  it  will  be  as  acceptable  to  mechanics 
under  circumstances  similar  to  those  to  which  I  have  alluded  as  it  would 
then  have  been  to  myself.  Kvery  individual  device  for  raising  water  has, 
of  course,  not  been  described,  for  that  would  have  been  impoBsible  ;  but 
every  class  or  species  will  be  found  noticed,  with  such  examples  of  each 
as  will  enable  the  general  reader  to  comprehend  the  principle  and  action 
of  all.  In  addition  to  which,  inventors  of  hydraulic  machines  can  here 
see  what  has  been  accomplished,  and  thus  avoid  wasting  their  energies 
on  things  previously  known. 
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In  a  work  of  tlus  kind  tittle  that  ii  new  can  be  expected  ;  I  hare  nor, 
however,  servilely  copied  any  Author,  but  have  writtea  the  whole  as  if 
little  had  been  written  before.  I  have  eougfat  for  infonnatiou  wherever  I 
could  find  it;  and  with  this  view  have  perused  more  volumes  than  it  would 
be  prudent  to  name.  A  few  gleanings  which  modern  writers  have  passed 
over  have  been  picked  up— two  or  three  ancient  devices  have  been  snatched 
from  oblivion,  aa  the  atmospheric  sprinkling  pot  and  the  philosophical  bel- 
lows, and  some  erroneous  opinions  have  been  corrected ;  that,  for  example, 
respecting  the  origin  of  the  safety  valve.  There  is  little  room  for  the 
charge  of  arrogance  in  claiming  this  much,  since  it  is  all  I  have  to  claim 
and  It  is  nothing  but  what  a  little  industry  in  any  one  else  would  have 
realized.  Several  devices  of  my  own  have  also  been  introduced  which 
must  speak  for  themselves.  On  referring  to  old  works  that  are  expensive 
or  of  rare  occurrence  I  have  generally  quoted  the  very  words  of  the  writers, 
under  the  impression  that  some  of  tnese  works  will  not  long  be  met  with 
at  all.  For  the  convenience  of  perusal  the  work  is  broken  into  chapters, 
and  as  much  miscellaneous  matter  has  bean  introduced,  an  index  is  added. 
The  general  arrangement  and  division  of  the  subject  will  be  found  at  the 
close  of  the  first  chapter. 

In  tracing  the  progress  of  any  one  of  the  primitive  arts,  it  is  difficult  to 
avoid  reference  to  others.  They  are  all  so  connected  that  none  can  be  per- 
fectly isolated.  I  have  therefore  introduced  such  notices  of  inventions  and 
inventors  as  seemed  useful  to  be  known  :  facts  which  appeared  interesting 
to  the  writer  as  a  mechanic,  he  supposed  would  not  be  wholly  without 
interest  in  the  opinion  of  his  brethren.  In  this,  I  am  aware,  it  is  easy  to 
to  be  mistaken  ;  for  it  is  a  common  error  to  imagine  that  things  which  are 
interesting  to  ourselves  must  be  equally  so  to  others.  As,  however,  all 
those  devices  that  contribute  to  the  conveniences  of  life  will  ever  possess 
an  intrinsic  value,  the  hope  is  indulged  that  the  fallowing  account  of 
several  important  ones,  altnough  it  may  present  little  attraction  to  general 
readers,  will  at  least  be  found  useful  to  those  for  whom  it  is  more  espe- 
cially designed.  It  certainlv  is  not  what  I  could  wish,  but  it  is  the  best  1 
could  produce.  I  am  sensible  that  it  has  many  imperfections,  and  there 
are  doubtless  many  more  which  have  not  been  perceived.  That  I  have 
often  been  diverted  from  the  subjects  embraced  m  the  title-page  is  true  ; 
and  as  the  whole  was  written  at  long  intervals,  even  of  years,  a  want 
of  order  and  connection  may  be  perceived  in  some  parts,  and  obscurity  felt 
in  others.  All  that  I  can  offer  to  diminish  the  seven^  of  criticism,  is  freely 
to  admit  there  u  much  room  for  it. 

In  noticing  various  hydraulic  devices,  I  have  endeavored  to  award  honor 
to  whomsoever  it  was  due  :  to  say  nothing  of  the  ancients,  with  whom  most 
of  them  originated,  it  may  here  be  observed  that  the  Germans  were  the 
earliest  cultivators  of  practical  hydraulics  In  modern  limes.  The  Dutch 
(part  of  that  people)  contributed  to  extend  a  knowledge  of  their  inven- 
tions. It  was  a  Dutchman  who  constructed  the  famous  machinery  at  Marli, 
and  England  was  indebted  to  another  for  her  first  water-works  at  London 
Bridge.  The  simplest  pump-box  or  piston  known,  the  inverted  cone  of 
leather,  is  of  German  origin,  and  so  is  the  tube-pump  of  Muschenbroek. 
Hose  for  Rre-engines,  both  of  leather  and  canvas,  was  invented  by  Dutch- 
men. They  carried  die  chain-pump  of  China  to  their  settlements  in  India, 
and  siso  to  Europe.  Van'  Braam  brought  it  to  the  U.  States.  A  German 
invented  the  air-pump,  and  the  first  high  pressure  steam-engine  figured  in 
books  was  by  another.  As  regards  hydraulic  machinery,  the  Dutch  have 
been  to  the  modems,  in  some  degree,  what  the  Egyptians  were  to  the 
■Dcients — their  teachers.     The  physical  geography  of'^HoIland  and  Egypt 
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necessarily  led  the  inLabiunta  of  both  coantriea  to  cultivate  to  the  ntmoat 
extent  tbe  art  of  raiaine  water.  Wind-mills  for  draining  water  off  land 
first  occur  (ia  modem  da^s)  in  Holland.  It  ie  indeed  the  constant  employ 
ment  of  thiji  element — wind — that  preserves  the  Dutch  from  destruction 
by  another  ;  for,  as  a  nation,  tbey  are  in  much  the  eame  predicament  they 
formerly  put  unruly  felons  in,  viz  ;  confining  each  in  a  close  vault  with  a 
pump,  and  then  admitting  a  stream  of  water  that  required  his  unceasing 
efioriB  to  pump  out,  to  prevent  himself  from  drowning-. 

The  French  have  contributed  the  neatest  machine  Known ;  the  rsm  of 
MontgolGer — theirs  is  the  double  pump  of  La  Hire,  and  the  fVictionlees 
piston  of  Goaset — La  Faye  improved  tne  old  tympanum  of  Asia — Papin 
■was  one  of  the  authors  Ot  the  steam-engine,  ana  Le  Demour  devised  the 
centrifugal  pump.  Rotary  pumps  and  the  reintroduction  of  air-vessels  and 
fire-engines  rest  between  Germany  and  France.  Drawn  leaden  pipes 
were  projected  by  Daleame.  The  Bnglish  revived  the  plunger  pump  and 
stnfHng-box  of  hforeland,  and  furnished  the  expanding  metallic  pistons  of 
CartwHghtand  Barton — the  steam-engines  of  Worcester  and  Savery,  New- 
comeo  and  Watt — the  pneumatic  apparatus  of  Brown,  and  motive  engines 
of  Cecil  and  others — Whitehurst  was  the  first  to  apply  the  principle  of 
the  nm,  and  the  quicksilver  pump  was  invented  oy  Hawkins — Hales 
invented  the  milling  of  sheet  lead,  and  the  iirst  drawn  pipes  were  mad« 
by  Wilkinson.  Switeerland  contributed  the  spiral  pump  of  Wirtz — Ame- 
nca  has  furnished  the  riveted  hose  of  Sellers  and  Pennock,  the  motive 
machine  of  Morey,  and  hish  pressure  engines  of  Evans ;  and  both  have 
given  numerous  modifications  of  every  hydraulic  device.  The  Italians 
nave  preserved  many  anuent  devices,  and  to  them  the  discoveries  of  Gal- 
lileo  and  Torricelli  respecting;  atmospheric  pressure  are  due.  Porta  has 
given  the  first  figure  of  a  device  for  raising  water  by  steam,  and  Veuturi's 
experiments  have  extended  their  claims. 

Remarks  have  occasionally  been  introduced  on  the  imponance  of  the 
mechanic  arts  and  ttie  real  dignity  attached  to  their  profession,  notwith- 
standing the  degraded  state  in  which  operatives  have  ever  been  held  bjf 
those  who  have  lived  on  their  ingenuity  and  become  enriched  by  their 
akill.  But  this  state  of  things  we  believe  is  passing  away,  and  the  time  ia 
not  distant  when  such  men,  instead  of  being  deemed,  as  under  the  old 
regime,  virtual  serfs,  will  exert  an  influence  in  society  oonmensorate  witli 
their  contributions  to  its  welfare.  And  where,  it  may  be  asked,  is  there 
a  oomfort,  or  convenience,  or  luxury  of  life,  which  tbey  do  not  create  or 
asaist  to  furnish,  from  the  bread  that  sustains  the  body  to  the  volume  iitat 
informs  (he  mind  t 

Few  classes  have  a  more  honorable  career  before  them  than  intellieent 
mechanics.  Certainly  none  have  better  opportunities  of  associating  their 
names  with  those  of  the  best  of  their  species.  Science  and  the  arts  omd 
the  paths  to  true  glory ;  and  greater  triumphs  remain  to  be  acbisvea  ia 
both  than  the  world  has  yet  witnessed.  Human  toil  has  not  been  dispensed 
with,  but  it  certainly  will  be  superseded,  in  a  great  measure,  if  not  alto- 
gether, by  forces  derived  from  insnimaie  nature.  A  great  part  of  the  globe 
IS  yet  a  desert,  inhabited  by  beasts  of  prey,  or  by  men  more  savage  than 
they ;  whereas  the  Creator  designs  the  whole  to  be  a  garden  and  peopled 
with  happy  intelligences,  as  in  the  first  Eden.  It  is  much  too  common  to 
seek  ephemeral  distinction  on  the  troubled  sea  of  politics  or  party  ;  but  of 
the  thousands  who  launch  their  barks  upon  it,  how  few  ever  reach  the 
haven  of  their  wishes  i  The  greater  part  are  soon  enenlphed  in  oblivion, 
white  not  a  few,  exhausted  by  aseless  struggles,  are  bereft  of  their  eaer- 
giea  and  qtiidtty  sink  in  despaii^-but  no  fame  is  more  certain  or  mon 
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durable  than  that  which  arises  from  usefuL  inventions.  Whitney  and 
Whitiemore,  Evans  and  Fuhon,  will  be  remembered  aa  long  as  cotton  gins, 
carding  machines,  steam-engines,  and  steam-boats  are  known  on  these 
continenlfl,  and  when  contemporary  politicians  are  wholly  forgotten — in 
fact  most  of  these  are  so  already.  The  name  of  Watt  will  be  known  while 
that  of  every  warrior  and  monarch  and  statesman  of  his  day  has  perished ; 
and  so  it  ought  to  be,  for  with  few  exceptions,  he  contributed  more  to  the 
happiness  of  his  species  than  have  such  men  from  the  beginning  of  time. 
No  one  is  now  interested  in  learning  any  tlimg  respecting  the  sanguinary 
Bull  of  Hurgundy  and  his  wily  antagonist,  the  eleventh  Louis  of  France, 
whose  contests  kept  for  years  the  European  world  in  an  uproar  ;  and  the 
latter,  not  content  with  murdering  his  species  b^  wholesale,  in  hta  old  age 
slew  infants  that  he  might  aci^uire  new  vigor  by  bathing  in  their  blood  ; 
but  as'long  as  time  endures,  the  world  will  revere  the  names  of  their 
contemporaries — Qottenburg,  Koster,  Fauet,  and  SchoefTer  and  thoir  asso- 
ciates in  printing  and  type-founding. 

Science  and  the  arts  are  renovating  the  constitution  of  society.  The 
destiny  of  nations  cannot  be  much  longer  held  by  political  gamblers,  wealthy 
dolts,  titled  bufibons,  and  royal  puppets  ;  these  no  longer  sustained  by 
factitious  aids  must  descend  to  their  own  level.  Theories  of  governments 
will  not  be  opposed  to  nature  and  carried  out  in  violation  of  her  laws ;  but 
practical  science  will  be  the  ruling  principle ;  and  practical  philosophers 
will  be,  as  Grod  designed  they  should  be,  the  master  spirits  of  the  world. 
The  history  and  progress  of  the  useful  arts  will  «oon  become  a  subject  of 
general  study.  Historians  will  hereailer  trace  in  them  the  rise  and  fall  of 
nations ;  for  power  and  preeminence  will  depend  upon  new  discoveries  in 
and  applications  of  science.  Battles  will  soon  be  fought  by  engineers 
instead  of  generals,  and  by  mechanism  in  place  of  men.  But  battles,  we 
trust,  will  hereafter  be  few ;  for  if  ever  men  were  called  upon  by  that 
which  is  dear  to  them  and  their  race — by  that  which  is  calculated  to  rouse 
the  purest  feelings  and  exterminate  the  worst  ones,  it  is  to  denounce  that 
spirit  of  military  glory  which  encourages  and  induces  offensive  wars.  Take 
away  all  the  false  glare  and  pomp  of  wars,  and  tyranny  will  expire — for  it 
would  have  nothing  to  support  it.  Put  war  in  its  true  light,  and  no  well 
regulated  mind  would  ever  embrace  it  as  a  profession. 

To  poets  and  writers  of  romance,  the  annals  of  mechanism  present  un- 
explored sources  of  materials.  They  are  mines  of  the  richest  ores- 
fields  teeming  with  the  choicest  fruits  and  flowers.  Here  are  to  be  found 
incidents  as  agreeable  and  exciting  in  their  natures,  and  aa  important  in 
their  effects  as  anything  that  can  t>e  realized  by  the  imagination  alone ; 
such  too,  as  present  nothing  to  oHend  the  finest  taste,  or  conflict  with  (he 
purest  morals.  When  novelists  have  worn  out  the  common  ground  ;  (and 
they  seem  already  to  have  done  so,)  when  mere  sentiment  grows  flat,  and 
the  exhibition  of  the  passions  becomes  stale ;  when  politics,  history  and 
love  are  exhausted — works  founded  on  the  origin,  progress,  and  maturity 
of  the  useful  arts  will  both  charm  the  imagination  and  improve  the  judgment 
of  readers.  Does  ao  author  wish  to  introduce  characters  who  have  lefl 
permanent  impressions  of  their  genius  upon  the  world  ]  Where  can  he  find 
them  in  such  variety  as  in  the  race  o£  invenlara  J  Is  he  desirous  of  enrich- 
ing his  pages  with  singular  coincidences,  cutious  facts,  surprising  results 
— to  fascinate  his  readers,  and  cause  them  to  anticipate  the  end  of  his  pages 
with  regret  1  Let  him  detail  the  circumstances  that  led  to  the  conception, 
and  accompanied  the  improvement  of  those  inventions  and  discoveries  that 
have  elevated  civilised  man  above  the  savage. 

Is  such  a  writer  desirous,  for  instance,  to  entertain  the  sex  t     He  could 
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hardly  do  it  more  effeccually  th&n  by  writdng  a  volnme  on  the  labori  of 


pinHtera,  ere  the  JUtafT  waa  adopted,  or  the  spiadle  (the  original 
ny-wheel)  waa  invented  ;  by  detailing  the  circumatances  that  gave  oirlh 
'o  those  implementB,  with  the  trials,  observations,  custoraB  and  anecdotea 


connected  with  their  introduction  and  their 


uses — imaginmg  the  congra- 


tulations that  were  poured  upon  the  artist  who  wove  the  first  web  i 
loom,  and  the  praises  bestowed  upon  the  author  of  chat  machine  and  the 
shuttle — recalling  the  times  and  scenes  when  groups  of  laughing  females 
were  hastening  to  examine  the  first  colored  mantles ;  and  recording  the 
bursts  of  admiration  which  dropped  from  them  (in  all  the  force  of  oriental 
hyperbole)  upon  witnessing  the  processes  by  which  purple  and  scarLet 
and  crimson  and  green,  las.  were  produced — recounting  the  methods  by 
which  the  art  of  dyeing  wrought  a  revolution  in  coatmne,  and  how  it  be- 
came one  of  the  great  sources  of  wealUi  to  Babylon  and  Tyre — referring 
to  the  gratilicaUon  which  the  invention  of  needles  and  pins,  of  thimbles 
and  combs,  conferred  on  ancient  dames ;  and  noticing  the  influence  of 
these  in  improving  the  dress  and  deportment  of  women — describing  the 
trials  of  artists  before  they  succeeded  in  perfecting  these  instruments,  and 
ao  on,  until  every  addition  to  domestic  dwellings,  to  household  furniture, 
and  to  dress  be  reviewed — until  every  thing  which  a  modern  lady  pOESessea 
over  an  Indian's  squaw  be  brought  forward  and  described,  with  all  the 
known  facts  and  circumstances  associated  with  its  history  and  application; 
— and  thus  form  a  series  of  essays  on  the  arts,  in  which  every  line  would 
be  poetry,  and  eve^  incident  new. 

A  new  species  oi^  drama  might  here  take  its  rise  ;  one  possessing  equal 
attractions  and  exhibiting  equally  interesting  pictures  of  human  life,  as 
any  thing  which  writers  of  comedy  or  tragedy  have  yet  produced.  Here 
are  characters  and  customs  of  every  vai'iety,  age,  and  nation — incidents 
and  adventure  in  the  greatest  profusion — the  extremes  of  misery  and  blisa, 
of  poverty  and  wealth,  of  suffering  virtue  and  unrequited  toil,  and  their 
oppositfis.  Here  the  humblest  individuals  have,  by  industry  and  ingenuity, 
risen  from  obscurity  and  astonished  the  world.  Mechanics  have  become 
kings  like  the  old  potter  of  Sicily,  (Agathocles,)  Aureliua  the  blacksmith 
of  Rome,  and  Leitz  the  tinker  who  founded  the  caliph  dynasty  of  the 
SoSarites.  Kings  have  lell  their  thrones  to  became  workmen  in  brass  and 
silver,  wood  and  iron  ;  aa  Demetrius  at  his  lathe,  ^ropua  making  lamps 
and  tables,  Charles  V.  in  his  watchmaker's  shop  ;  and  if  some  bizarre 
examples  are  wanted,  there  is  still  to  be  seen  the  mantua-making  apart- 
ment  of  Ferdinand  VII.  with  specimens  of  his  work. 

A  play  might  be  founded  on  the  fairs  held  at  Delos,  (the  Fittsbui^  of 
of  the  old  weeks,)  where  merchants  (observes  Fliny)  assembled  from  all 
parts  of  the  world  to  purchase  hardware  and  bronze.  An  island  whose 
artists  were  ennobled  for  the  beauty  and  finish  of  their  works  in  the  metals, 
and  who  particularly  excelled  in  brazen  feet  for  chairs,  tables,  and  bed- 
steads, and  in  statues  and  other  large  works  in  brass.  Then  there  waa 
the  workmen  of  iGgina,  who  beat  all  others  in  fabricating  branches  and 
and  sockets  of  candelabra ;  while  those  of  Tarentum  produced  the  best 
pedestals  or  shafts.  In  connection  with  which,  there  is  the  singular  story 
of  the  Lady  Gegania,  who,  after  giving  50,000  sesterces  for  a  bronze  candle- 
stick, adopted  its  ill-favored  and  hump-backed  maker  for  her  companion 
and  heir. 

How  rich  in  interest  would  a  dramatic  scene  be  if  laid  in  an  antediluvian 
smith's  shop  !  (Forges  have  always  been  places  of  resort.)  To  notice 
the  characters  of  the  visitants,  listen  to  their  remarks,  examine  the  inatni- 
menta  fabricated  by  the  artist,  his  materials,  fuel,  bellows,  and  other  tools  I 


.,glc 


There  is  not  a  more  intereatingf  scene  in  all  die  Iliad  than  die  deacripdan 
of  Vutcan  at  work.  But  if  saeh  a  distance  of  dme  ia  too  Temote,  there  it 
the  forge  otKawth,  the  blacksmith  of  Ispahan,  he  whose  oprim  was  &r 
centuries  the  banner  of  the  Persian  empire.  The  forge  of  Anrelins  also, 
where  he  made  the  sword  hy  which  he  was  while  emperor  slain. 

A  scene  might  open  in  the  barber's  shop  of  Alexandria,  in  which  die  boj 
Ctesibius  used  to  play,  and  where  the  first  scintiUatioiis  of  his  genios 
broke  out ;  while  bis  subsequent  specalauons,  his  [private  essays  and  public 
experiments,  some  of  which  were  probably  exhibited  before  the  reigning 
Ptolemies,  might  be  brought  into  view — his  pupil.  Heron,  and  other 
philosophers  and  literati  might  also  be  included  in  the  plot  Of  the  con- 
nection of  barbers  with  important  events  there  is  no  end — there  was  the 
tatling  ardst  of  Midas,  the  spruce  hair-dresser  of  Julian  the  emperor,  die 
inquisitive  one  that  saved  Cnaar's  life  by  listening  to  the  conversstion  of 
assassins — the  history  of  the  silver  shaving  vessel  with  which  the  benevo- 
lent father  of  Hare  Anthony  relieved  the  pecaniary  distresses  of  a  friend 
— there  was  the  wicked  Oliver  Doin ;  and  the  ancestor  of  Tunstall,  the 
famous  Bishop  of  Durham,  was  barber  to  William  the  Conqueror  :  hence 
the  bishop's  coat  of  arms  contained  tkree  eamh*. 

Who  would  not  go  to  see  a  representation  of  the  impostures  of  the 
heathen  priesthood  f  Men  who  in  the  daikest  dmes  applied  some  of  the 
finest  principles  of  science  to  the  purposes  of  delusion  !  With  what 
emotions  should  we  enter  their  secret  recesses  in  tbe  temples  1 — places 
where  their  chemical  processes  were  matured,  their  automaton  figures  and 
other  mechanical  apparatus  conceived  and  fahricated,  and  where  experi- 
ments were  made  before  the  miracles  were  consummated  in  public.  But 
it  is  impossible  to  enumerate  a  dthe  of  the  subjects  and  incidents  for  the 
drama  that  might  be  derived  from  the  history  of  the  arts  :  they  are  more 
numerous  than  the  mechanical  professions — more  diversified  than  ardclea 
of  traffic  or  implements  of  trades.  The  plots,  too,  might  be  rendered  as 
complicated,  and  their  denouement  as  agreeable  or  disagreeable  as  could 
be  deured :  and  what  is  better  than  all,  in  such  plavs  the  moral,  intel- 
lectual and  invendve  feculdes  of  an  audience  would  ne  excited  and  im- 
proved—science would  pervade  every  piece,  sad  her  professors  would 
De  the  piincipal  performen. 

THOS.  EWBANK. 

Jnw-Foti,  BttmAtr,  1B4L 
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Df  tk*  Aru— Orifli  af  tk«  H>fld  na  Ih^- 

n  W  tkelr  kU  grmit  ud  paDila 
ifOaBiicUudMrlriinfnHaf  tk^uUKin  ihIU  lad  titmMiBc  Au  •!■  Ai  wgfti  if  kMarlMi 
M«M-Tk*  Unht  of  ■  ilM<*  lc»l,(ulhMlrfiiliM  -  ■-- 

■rtaaf  tkBustutiiBHtarikclrilnkaiftw  itUag  * 
cUhi  (f  Tarr  n 
atMtJKb 

Altboiwh  the  mlject  of  t}iu  work  may  present  nothing  reiy  alhuing 
to  die  genenl  reader,  it  is  not  destitate  of  interait  to  the  philoa^her.«Rd 


Hif  nigwwt  mecdianie.  The  art  of  raising  water  ha«  ever  been  cloeelr 
connected  widi  the  progresa  of  man  in  orilization,  so  mnch  to,  indeeo, 
that  the  atate  of  this  ut,  among  a  people,  nutj  be  taken  as  an  index  of 
their  position  on  the  fcale  of  refinemenc  It  is  also  an  ait,  vhich,  from 
tu  importance  called  forth  the  in^^eimity  of  man  in  the  iniluicy  of  socl- 
es ;  nor  is  it  improbaUe,  that  it  onginUed  tome  of  the  nnqile  machinea. 
or  meekamiepovart  themnlTes. 

It  wu  a  &Torite  idbjact  of  reeeareh  with  eminent  raathei^Ltidans  and 
mgineera  of  c^ ;  and  the  labors  of  Aeirraceeasora  in  modem  dajra,  hnrs 
baoL  J««ardod  widt  die  most  valnable  "■■■^'""  whidi.tbe  btu  ever  pifr 
aenled  to  man— die  STSAM  EKOINE — &r  it  was  "  raising  of  water" 
diet  ezerciMd  dw  iuennity  of  Dnum  and  WoBounx,  Hokbumd  and' 
Vttvf,  ^ATWT  and  NKWOOMni;  and  dwM  iQanripu  men,  whoM  mo- 
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eetiiva  labora  deTeloped  vad  matured  that  "  Mmi-omtupotent  engine," 
which  "  driveth*  up  water  by  fire."  A  machine  that  hu  already  greatly 
changed  and  immeasurably  improved  the  slate  of  civil  society  ;  and  one 
vhich,  in  conjunction  with  the  riuNTtNO  prssb,  is  destined  to  renovate 
both  the  political  and  moral  world.  The  sul^ect  is  therefore,  intimately 
connected  with  the  present  advanced  state  of  the  arts ;  and  the  amazinff 
progress  made  in  them  during  the  last  two  centuries,  may  be  attributed 
m  some  degree  to  its  cultivation. 

The  origin  and  early  history  of  this  art,  (and  of  nil  others  of  primidva 
timtis)  are  irrecoverably  lust.  Tradition  has  scarcely  preserved  a  single 
anecdote  or  circumstance  iclattng  to  those  meritorious  men,  with  whom 
any  of  the  useful  arts  originated;  and  when  in  process  of  time,  histokt 
took  her  station  in  the  temple  of  science,  her  professors  deemed  it  beneath 
ber  dignity,  to  record  the  actions  and  lives  of  men,  who  were  merely  in- 
ventors of  machines,  or  improvers  of  the  useful  arts ;  thus  nearly  all 
knowledge  of  those  to  whom  the  world  is  nnder  the  highest  of  obliga- 
tions,  has  perished  forever. 

The  SCHOLAR  mourns,  and  the  antiquabt  weeps  over  the  wreck  of 
ancient  learning  and  art — the  philobopher  regrets  that  sufficient  of  both 
has  not  been  preserved  to  elucidate  several  interesting  discoveries,  which 
history  has  mentioned;  nor  to  prove  that  those  princtplee  of  science,  upon 
which  the  action  of  somo  old  machines  depended,  were  understood ;  and 
the  HECHANic  inquires  in  vain  for  the  processes  by  which  his  predecessora 
iin  remote  ages,  worked  the  hardest  granite  wiuiout  iron,  transported  it 
4d  masses  that  astouivd'  us,  and  used  them  in  the  erection  of  stupendooa 
^buildings,  apparently  with  the  facility  that  modem  workmen  lay  bricks, 
or  raise  the  lintels  of  doors.  The  machines  by  which  they  were  elevated 
■re  as  unknown  as  the  individuals  who  directed  their  movements.  We 
.are  almost  as  ignorant  of  their  modes  of  working  the  metals,  of  their  al- 
loys which  rivalled  steel  in  hardness,  of  their  furnaces,  crucibles,  and 
taoulds.;  the  details  of  forming  the  ennobling  statue,  or  the  more  useful 
skillet  or  cauldron.  Did  the  ancients  laminate  metal  between  rollen,aod 
draw  wire  through  plates,  as  we  do  ?  or,  was  it  extended  by  hammers,  as 
aome  specimens  of  both  seem  to  show  ?*  On  these  and  a  thousand  other 
■ubjects,  much  uncertain^  prevails.  Unfortunately  learned  men  of  old, 
deemed  it  a  part  of  wisdom,  to  conceal  from  the  vulgar,  all  discoveries  in 
science.  "With  this  view,  they  wrapped  them  in  mystical  figures,  that 
the  people  might  not  apprehend  them.  The  custom  was  at  one  time  so 
general,  that  philosophers  refused  to  leave  any  thing  in  writing,  explana- 
'toiT  of  their  researches. 

Whenever  we  attempt  to  penetrate  that  obscuri^  which  conceals  from 
onr  view,  the  worka  of  the  eocients,  we  are  led  to  regret,  that  some  of 
iheir  mechanics  did  not  undertake,  for  the  sake  of  posterity  and  their 
own  fiune,  to  write  a  histoiy  and  descripuon  of  their  machines  and  mana- 
fectures. 

We  know  that  philosophers,  generally,  would  not  condescend  to  per- 
form such  a  task,  or  stoop  to  aconire  the  requisite  information,  for  Uiey 
deemed  it  discreditable  to  apply  Uieir  ener^es  and  leanung,  to  the  eluci- 
dation of  such  subjects.  (Few  could  boast  with  Hippies — who  was  master 
of  the  liberal  and  Meehcatiiial  arts— the  ring  on  his  &tger,  the  tunic,  cloak) 

•  "AnddierdidksdkraUinto  thin  plata,  andotfit  into  wires."  Exod.  inii,  3. 
Hwm  pistes,  were  pndrablj  similu-  to  those  made  bj  the  ucient  foMsmiths  of  Meiko, 
which  were  "  three  quttlers  or  *.  jtxi  long,  foore  fingen  farosil,  and  u  thicks  u  pareb- 
DMttt."  Purehsi'  Pilfriaiwe,  961.  "Sihrer  ^raad  iMejUoM,  u  bronfht  from  Ttnhiih, 
Mid  |oU  from  Upbac,"    Jei.  x,  9. 


Chap.  l.J  ^ttoiy  poOtUed  wUh  aetmniU  tf  Warrion.  t 

uui  slioea  whicfi  ha  wore,  were  tHe  work  of  his  own  hands.)  Plato  in- 
veighed with  greU  indignalion  agsinst  ArchyUs  and  Budoxua,  for  having 
debued  and  corrupted  the  excelteacy  of  geometry,  by  mechanical  ao- 
lutioiis,  causing  her  to  descend,  as  he  said,  from  incorporeal  and  intelleg- 
tosl  10  sensible  things ;  and  obliging  her  to  make  use  of  matter,  which  re- 
quires manual  tabor,  and  is  the  object  of  servile  trades.* 

To  the  prevalence  of  such  myhilosophical  notions  amongst  the  learned 
men  of  old,  majr  be  attnbuted,  the  irretnerable  loss  of  information  le- 
ipe«tiiig  the  prominent  raechouics  of  the  early  ages,  those 

"  Searchiiis  witi, 

Who  pMod  their  age  with  nan-  inTBuled  aitt."         Virgil,  £b.  vi,  900. 

Their  works,  their  invendons,  and  their  names,  are  buried  beneath  dte 
waves  of  oblivion;  whilst  the  light  and  worthless  memorials  of  heroes, 
falsely  BO  called,  have  floated  on  the  surface,  and  history  has  become  pol- 
luted with  tainted  descripnons  of  men,  who,  without  having  added  an 
atom  to  the  wedth,  or  to  the  happiness  of  society,  have  been  permitted 
to  riot  on  the  &uit  of  other  men's  labors ;  to  wade  in  the  blood  of  their 
■pecies,  and  to  be  heralded  as  the  honorable  of  the  earth!  And  still,  oa 
in  former  times,  humanity  shudders,  at  these  monsters  being  held  up,  aa 
they  impiously  are,  to  the  admiration  of  the  world,  and  even  by  soma 
chnatjans  too,  as  examples  for  our  children. 

"  We  may  reasonably  hope,"  says  Mr.  Davies  in  his  popular  woric  oa 
die  Chinese,  "  diat  the  acience  and  civilization  which  have  already  greatly 
flularsed  the  bounds  of  our  knowledge  of  foreign  countries,  may,  by 
dimimshing'  the  vulgar  admiration  of  auch  pesta  and  scourges  of  tho 
human  race,  as  military  conijuerora  have  usuaJly  proved,  advance  and  fa- 
cilitate the  peaceful  intercourse  of  the  most  remote  countries  with  eadt 
other,  and  uiereby  increase  M«  general  itock  «/*  knotUedge  and  kapptneu 
among  mankind.       Vol.  1, 18. 

"W  what  utility  to  na  at  this  day,  is  either  Nimrod,  Cyma,  or  Alexan- 
der, or  their  successors,  who  have  astonished  mankind  from  time  to  time  1 
With  all  their  magniilcence  and  vast  designs,  they  are  retnmed  into  nothins 
with  regard  to  ua.  They  are  diaperaed  like  vapora,  and  have  vanished 
like  phantoma.  But  the  ihtentobb  of  the  abts  and  BciBNCsa  labored 
for  ALL  jIOES.  We  still  enjoy  the  fruits  of  their  application  and  industry — 
they  have  procured  for  us,  all  the  eoneaiiemsia  of  life — they  have  con- 
verted all  nature  to  our  uses.  Yet,  all  our  adiairation  turns  generally  on 
die  side  of  those  heroes  in  blood,  while  we  scarce  take  any  notice  of  what 
we  owe  lo  the  invbntoks  or  thb  asts."  RoUU't  Lurodieliim  to  ihe  Arts 
and  Science*  (^  the  AncKnit. 

Who  that  consults  history,  only  for  (hat  which  is  iu^id,  would  not  pre- 
fer to  peruse  a  journal  of  the  daily  manipulations  of  the  laborers  and  tne- 
chanies  who  famished  clothing,  arms,  cuhnary  utensils,  and  iood  for  the 
armies  of  old — to  the  most  eloquent  deacripdons  of  their  generals,  or  their 
battles  t  And  as  it  is  now  with  respect  to  accounts  of  such  tranaacdona 
in  past  ages — so  will  it  be  in  future  with  regard  to  umilar  ones  of  mo- 
dem dmes.  NarradoDS  of  polidcal  convulsions,  recitals  of  battlea,  and  of 
honors  conferred  on  statesmen  and  heroes,  while  dripping  with  human 
gore,  win  hereafter  be  unnoticed,  or  will  be  read  with  norror  and  di^us^ 
while  DisooTuuBB  IN  SCIENCE  and  DKicumoNB  or  dsbtui.  luoBiNaB, 
will  be  all  in  all. 

It  is  pleanng  to  anticipate  that  day,  which  the  pr^ent  extensive  and 
extending  diffusion  of  knowledge  ia  ^tout  to  usher  in,  when  despotism 
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■ball  no  longer  hold^e  sreat  kam  of  onr  ipeciaa,  in  a  Hate  of  nonata- 
ni  ignorance,  and  of  physical  degradation,  beneatL  that  of  tlie  bearti 
which  peiish ;  but  vihea  tbe  mechanics  of  die  woHd,  the  creators  of  itm 
wealth,  shall  exercise  thu  influence  in  society  to  which  dieir  Imbon  ea- 
title  them, 

'  If  we  judged  correctly  of  hninan  character,  we  should  admit  Au  dw 
mechanie  who  made  the  chair  in  which  Xerxes  sat,  when  he  reviewed 
his  mighn  host,  or  witnewed  the  sea  fight  st  Saiamis,  was  a  more  nte- 
fiil  member  of  society  than  that  great  king : — and,  that  the  srosaiM 
who  constructed  the  drinking  resMU  of  Hardonius,  and  the  brass  tarn- 
gers  in  which  his  horses  were  fed,  were  really  more  worthy  of  postho- 
tnous  fame,  than  that  general,  or  the  monarch  he  served  :  sdid,  if  it  be 
more  virtuous,  more  praiuiwDrtby,  to  alleviate  human  Bufferings  than  to 
cause  or  increase  them  ;  then  that  old  mechanician,  who,  when  Marcus 
Bergius  lost  his  hand  in  the  Punic  war,  {umislied  him  with  an  iron  one, 
was  an  incomparably  better  man,  than  that  or  any  other  mere  warrior: 
and  so  was  he,  who,  according  to  Herodotus,  constructed  an  artificial  foot 
for  HegiwstratUB.' 

Notwithstanding  tbe  opinion  of  Plato— we  beUeve  a  description  of  the 
WousBOps  of  Djidalvb,  and  of  Taldh  his  nephew;  those  of  Thbodo- 
Kvs  of  Samoa  and  of  Glaccds  of  Chios,  (the  alleged  inventor  of  the  kt- 
hyinjr  of  metals;)  an  account  of  the  process  <^  making  the  tamoas  Lesbian 
mad  Dodonean  cauldrons,^  and  of  the  method  by  which  those  celebrated 
painting?  in  glass,  were  executed,  fragments  oi  which  have  come  down 
to  ua,  and  which  have  puzzled,  and  still  eonnnue  lo  pnssle,  both  our  aiv 
tists  and  our  chemists ;  (the  figures  in  which,  of  the  moat  minute  and  ex* 
quisite  finish,  pass  entirely  and  tmiformly  through  liie  glass  j)'  if  to  theee 
were  added,  the  particulars  of  a  working  jewellar'a  shop  of  Peraopolia 
smd  of  Troy;  of  a  lapidaiy's  and  an  engraver's  of  Men^>his ;  of  a  enC- 
ler's  and  upholBterer's  of  Damascus ;  and  c^  a  cabinet  maker's  and  bra- 
uer's  of  Rome ;  together  with  thoee  of  a  Sidoniao  or  Athenian  ship  yard 
—such  a  record  would  have  been  more  truly  useful,  and  more  really  *•- 
terttlmg,  than  almost  all  that  ancient  philosophers  ever  wrote,  or  poet* 
ever  sung. 

A  description  of  the  rovsoiasa  and  rowna  of  India  and  of  Egypt; 
of  Babylon  and  Byzaatium;  of  Sidon,  and  Carthage  and  Tyre;  would 
have  imparted  to  us  a  more  accurate  and  extensive  knowledge  of  the 
andents,  of  their  manners  and  customs,  their  intelligence  and  progress  in 
■cience,  than  all  die  works  of  dieir  historians  extant;  and  would  have 
been  of  infinitely  greater  service  to  mankind. 

Had  a  narrative  been  preserved,  of  all  the  circumstances  which  led  to 
die  invention  and  early  applications  of  the  [.BVEit,  the  screw,  the  wkdsi, 
VOLLKr,  WHBKL  and  AZLB,  fee. ;  and  of  diose  which  contributed  to  the 
discovery  and  working  of  the  metals,  the  use  and  management  of  fire, 
agriculture,  spinning  of  diread,  matting  of  felt,  weaving  of  cloth,  &c.  it 
would  have  been  the  most  perfect  history  of  our  species— the  most  valn*- 
bla  of  earthly  legacies.  Though  such  a  work  might  have  been  deemed  of 
trifling  imp<u4  by  philosophers  of  old,  with  wut  intense  interest  would 
it  h&ve  been  perused  by  scientific  men  in  modem  tintes !  and  what 
pure  delight  its  examination  would  have  imparted  to  eveiy  inquisidve  and 
intelligent  mind  I 

Saw  a  record,  would  not  onlv  have  filled  die  mi^y  chann  in  the  early 
iostory  of  the  worid,  bat  woula  have  had  an  important  influence  in  pro- 

>Hand.ii,37.  ^EBud,  iil,<Se,andT,3eO.  BM*d.lv,61.   ■Ed.&MTe.  AaQms. 
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nMing  tbe  best  iutereats  of  our  race.  It  would  hare  embraced  incidentt 
iMpecnng  nun's  t»Ay  wants,  and  his  rude  oSbrti  to  supply  themj  par- 
bculara  respecting  Aminent  individuals,  and  the  origin  of  antediluvian  dis- 
eoveries  and  inventions,  he.  o£  such  thrilling  iatereHt,  as  no  modem  no- 
velist could  equal,  nor  the  most  ferdte  imagination  surpass. 

It  would  have  included  a  detail  of  those  eventful  experiments  in  which 
iron  was  firii  cast  into  cauldrons,  forged  into  hatchets,  and  drawn  into 
wire;  with  an  account  of  the  individuals,  by  whose  ingenuity  and  perse- 
verance,  tliese  invaluable  operations,  were,  for  the  first  time  on  this  pla- 
net, successfully  performed.  Finally,  it  would  have  convinced  ua,  that 
those  men  were  the  Inte  hmobb  of  old,  the  genuine  bene&ctors  of  their 
•pacias,  whose  labors  wore  for  the  benefit  of  d^  ages,  and  ail  people ;  and 
an  account  of  whose  lives  (not  those  of  robbers,)  should  have  occupied  th4 
pagea  of  history,  and  whose  names  should  have  been  embabned  va  ever- 
laaidi^  remembnuiee. 

A  chronological  account  of  a  few  mtcKaxievl  ing>UnenU,  would  have  af- 
forded a  clearer  insight  into  the  state  of  society  in  remote  dmes,  than  any  wrir 
tings  now  subsisting.  Nay,  if  we  could  realiie  a  complete  history  of  a«in^ik 
AmT,  asahammer,  asaw,  achisel,  a  hatchet,  an  auger,  or  a  loom,  it  would  form 
a  more  comprehensive  htstoi^  of  the  world,  than  haa  ever  been,  or  perhapt 
ever  will  be  written.  Take  for  example  a  AontTWr;  what  a  multitude  of  in- 
teresting circnmstuices  are  inseparably  connected  with  its  development 
■nd  early  uses  !  circumstances,  which,  if  we  were  in  possession  of,  would 
explain  almost  all  that  is  dark  and  mysterious  respecting  our  ancient  pro- 
genitors. A  history  of  this  implement  would  embrace  Sie  origin  and  ge- 
neral progress  of  all  tbe  nsefi^  arts ;  and  would  elucidate  the  civil  koA 
scientific  acquirements  of  man,  in  every  age.  It  would  open  to  onr 
view,  the  public  and  private  economy  of  tbe  ancients ;  introduce  us  into 
the  interior  of  their  workshops,  their  dwellings  and  their  temples;  it 
would  illustrate  their  manners,  politics,  religion,  superstition,  fltc.  In  tra- 
cing the  various  purposes  to  which  it  was  applied,  we  should  become  ao- 
qnainted  with  all  the  material  transacttona  in  the  lives  of  some  ancient  iar 
oividuala  from  their  birth  to  tkeir  death ;  and  ako,  widi  the  circumstancea 
^rhich  led  to  the  riae  and  fall  of  empires.  Like  the  celebrated  "History 
of  a  Guinea,"  it  would  open  to  our  inspection  alt  the  minnlin  in  private 
and  public  life. 

How  infinitely  various,  are  tbe  materials,  nzes,  forma,  and  uses  of  die 
bammer  %  and  now  indicative  are  tbey  all  of  the  state  of  society  and  mait- 
mers?  At  first,  a  dab;  than  a  rude  maQet  of  wood ;  next,  the  head  form- 
ed of  stone,  and  bound  to  the  handle  by  withes,  or  by  the  sinews  of  ani- 
mals ;  af^rward,  the  beads  fonaed  of  miotaL  These,  before  iron  or  sted 
was  known,  were  often  of  copper  and  even  of  gold;  and  subsequently, 
those  of  the  latter  material  were  iaced,  like  some  ancient  chisels,  with  the 
more  scarce  and  expensive  iron.* 

Ancient  hammers  varied  as  iKiw  in  size,  from  the  huge  sledge  cS  tbs 
Cyclops,  to  the  portable  one,  with  which  Vulcan  chased  the  more  delicate 
work  on  the  shield  of  Achilles, — from  the  maul,  by  which  masses  of  ore 
were  separated  from  their  beds  in  Tbe  mines,  to  the  diminutiTe  ones,  which 
Myrmecides  of  Miletus,  and  Tbeodorus  of  Samoa,  used  to  iabricste  car- 
riages and  horses  of  metal,  wbich  were  so  minute  as  to  be  covered  by  ths 

"•  It  spiMitm  that  ID  the  tangibls  remumi  of  snMltiiiK  fiimaec*,  Jbnnd  in  Bibaria,  diat 

S>ld  hnnunen,  knivai,  ehiHli,  Ac  have  bean  diauivtrml,  Its  i^fa  «f  wUdt  were  ikil- 
lly  InerfiMlil  JrsK,-  iboiruiK  Iha  Ksrei^  of^  ora,  the  diiBonlt^  of  mmmfsotariiig 
in,  sail  ifae  plealT  ud  ■nuiaatl*  tiiflinc  vitoa  of  dig  alhar."  ScuntiAo  Traeta  Boa- 
ton,  1833.   ToLiii,«l. 
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wbgB  of  a  fly.  X^ajigure  haa  always  varied  with  ita  oaes,  and  none  but 
mooern  warken  in  the  metala  can'  realize  the  endleu  variety  of  its  shapes, 
which  the  ancient  imiths  requirecl,  to  fabricate  the  wonderfully  diversified 
articlea  of  theLr  manuafcture:  from  the  maiaive  bnuen  altars  and  nhiriots, 
to  the  chased  gvblets,  and  invaluable  tripods  or  vases,  for  the  possession 
uf  which,  whole  cities  contended. 

The  history  of  the  hammer  in  its  widest  range,  would  let  vs  into  the 
secrets  of  the  statuanes  and  stone  cutters  of  old:  we  should  karn  the  pro- 
^ss  of  making  thojo  metallic  compounds,  and  woriting  them  into  tools, 
with  which  the  Kgyptian  mechanics  sculptured  those  indurate  columns 
dist  resist  the  best  tempered  steel  of  modem  days.  It  would  introduce  us 
(0  the  ancient  chariot  makers,  cutlers  and  armorers;  and  would  teach  us 
how  to  make  and  temper  the  blades  of  Damascus  ;  as  well  as  those  which 
were  forged  in  the  extensive  manufactory  of  the  father  of  Demosthenes. 
It  would  make  us  familiar  with  the  arts  of  the  ancient  carpenters,  coiners, 
coopers  and  jewellers.  We  should  team  from  it,  the  process  of  forging 
diefiand  strikmg'  money  in  the  temple  of  Juno  Moneta;  of  making  the  bod- 
kins and  pins  for  the  Lead  dressca  of  Greek  and  Roman  ladies ;  while  at 
the  religious  fcadvals,  we  should  behold  other  forme  of  this  implement 
in  use,  to  knock  down  victima  for  sacrifice  by  the  altars. 

finally,  a  perfect  history  of  the  hammer,  would  not  only  have  made  i» 
acquainted  with  the  origb  and  progress  of  the  useful  afts,  among  the  pii- 
meval  inhabitants  of  this  hemisphere ;  but  would  have  solved  Uie  great 
problems  respecting  ^eir  connection  with,  nod  migration  from  the  eastern 

But  although  we  justly  deplore  the  want  of  information  relaUng  to  the  arts 
in  genera]  of  the  remote  ancients;  it  is  probable  that  fewof  their  devices  for 
raising  water  have  been  wholly  lost  If  there  was  one  art  of  more  importance 
than  another  to  theesrlyinhabitantaof  Centkal  Aauandthe  Valleiofthb 
Nile,  it  was  that  ofraising  water  for  agricultural  purposes.  Not  merely  their 
general  welfare,  but  their  very  existence  depended  upon  the  artificial  irriga- 
tion of  the  land ;  hence  their  mgenuity  was  early  directed  to  the  constructioD 
oimarMncM  for  this  purpose;  and  they  were  stimulated  in  devising  them,  by 
the  most  powerful  of  all  inducements.  That  machinesmust  have  been  uuUt- 
pauetble  m  past,  as  in  present  times,  is  evident  from  the  climates  and  phy- 
ucal  constitution  of  [hose  countries.  Their  importance  therefore,  and  uni- 
versal use,  have  been  thQ  means  of  their  preservation.  Nor  is  it  probable  ' 
that  anv  of  them  were  ever  lost  in  the  numerous  political  convulsions  of 
old.  These  seldom  affected  the  pursuits  of  agriculture,  and  never  changed 
the  long  established  modes  of  cultivation ;  besides,  hydraulic  apparatus, 
&om  their  utility,  were  as  necessary  to  the  conijuerors  as  the  conquered.* 

Perhaps  in  no  de^rtment  of  the  useful  arts,  has  less  change  taken  place 
than  in  Asiadc  and  Egyptian  agiiculture.  It  ia  the  same  now,  that  it  was 
thousands  of  years  ^o.  The  implements  of  husbandry,  modes  of  irriga- 
tion, and  devices  for  raisii^  water  ore  urailar  to  those  in  use,  when  Ninus 
and  Nebuchadnezzar,  Sesostris,  Solomon,  and  Cyrua  flourished.  And  'tt 
wi>uld  appear  that  the  same  uiti/bnnili/  in  these  machines  prevailed  aver  ail 
the  east,  in  ancient  as  in  modem  times ;  a  fact  accounted  for,  by  the  great 
and  constant  intercourse  between  condnental  and  neighboring  nations;  the 
practice  of  warriors,  of  tranaportii^  the  inhabitants  and  i.-spccialiy  the  me- 
chanics and  works  of  art,  into  other  lands;  and  also  from  the  great  impor- 
tance aitd  universal  use  of  artificial  irrigation. 
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Every  part  of  the  eastern  world  lias  ot^n  had  its  inhahicanti  torn  from 
it  by  war,  and  their  placea  occupied  by  others.  This  practice  of  conque* 
rors  was  lonaeumin  modified,  as  respected  the  peaa&ntry  of  a  subdued 
cotintry,  liut  it  appean  tliat  from  very  remote  ages,  jTiechanict  were  inva- 
riably c4rried  off  The  Phenicians,  in  a  war  with  ihef  Jews,  deprived  them 
of  every  manwho  could  for^  iron.*  "There  was  no  smith  fbund  ihrongh' 
out  all  the  land  of  Israel ;  tjr  the  Fhilistinet  said,  lest  the  Hebrews  make 
■wotds  and  spears."  Shalmanezbr,  when  he  took  Samaria,  carried  the 
people  "away  out  of  their  own  Land  to  Assyria,  and  the  king  of  Assyria, 
Drought  men  from  Babylon,  and  from  Cuthah,  and  from  Ava,  and  from 
Hanuth,  and  from  Eepharvaim,  instead  of  the  children  of  Israel;  and  thev 
possessed  Samaria,  and  dwelt  in  the  cities  thereof.""  When  Nebuchad- 
nezzar took  Jerusalem,  he  carried  off,  with  the  treasure  of  the  temple,  "  all 
the  craftsmen  and  smiths."  Jeremiah  says  he  Piarned  away  the  "carpen- 
ters and  smiths,  and  brought  them  to  Babylon."  Diodonu  says,  the  pa- 
laces of  Persepolis  aud  Sasa  were  built  by  mechanics  tliat  Cambysea  car- 
ried from  EeypL'  Ancient  history  is  full  of  similar  examples.  Alexan- 
der practises  it  to  a  great  extent  After  his  death,  there  was  found  among 
his  tablete,  a  resolution  to  build  several  cities,  some  in  Europe  and  some  in 
Aaia;  and  his  design  was  lo  people  those  in  Asia  with  Europeans,  and 
those  in  Europe  with  Asiatics.'  In  this  manner  some  of  the  most  useful 
arts,  necessarily  became  common  to  all  the  nations  of  old;  and  their  per* 
petuity  in  some  degrree  secured,  especially  such  as  related  to  the  tillage 
and  irrigation  of  the  soil. 

We  are  inclined  to  believe  that  the  hydraulic  machines  of  the  Assy* 
riana,  Babylonians,  Persians  and  EgyptianH,  have  all,  or  nearly  all,  come 
down  to  us.  Most  of  them  have  been  continued  in  uninterrupted  use  in 
those  countries  to  the  present  times ;  while  others  have  reached  us  through 
the  Greeks  and  Romans,  Saracens  and  Moora;  or,  have  been  obtaiMd 
in  modem  days  from  China  and  Hindostan. 

It  is  remarkable  that  almost  all  machines  for  raiung  water,  originated 
M^th  the  oUfr  nations  of  the  world ;  neither  the  Greeks,  (if  the  screw  of 
Conon  be  excepted,  and  even  it  was  invented  m  sarPT,)  nor  the  Romans, 
added  a  single  one  to  the  ancient  stock;  nor  is  this  surprising;  for  with 
few  exceptions,  those  in  use  at  the  present  day,  are  either  identical  with, 
or  but  modificadona  of  those  of  the  ancients. 

It  is  alleged  that  Archytas  of  Tarentum,  400,  B.  C.  invented  "  hydrau- 
lic mackhut,"  but  no  account  of  them  has  reached  our  times,  nor  do  we 
knowr  that  they  were  designed  to  raise  water.  They  consisted  probably, 
in  the  application  of  the  windlass  or  crane,  (the  latter  it  is  said  be  invent- 
ed) to  move  machines  for  this  purpose.  Had  any  important  or  uselul  mar- 
chine  for  raising  water,  been  devised  by  him,  it  would  nave  been  continued 
iu  use;  and  would  certainly  have  been  noticed  by  Vitruvius,  who  was  ac- 
quainted with  bis  inventions,  and  who  mentions  him  several  times  in  his 
work.     1  b.  chap.  1.,  and  9  b.  chap.  3.* 

We  have  arranged  the  machines  described  in  this  work  in  five  classes; 

each  of  which,  a  separate  book  is  cUvoted.     A  few  chapters  of  the 


.  a  separate 
iupied  with 


first  book,  are  occupied  with  remarics  on  watkh;  on  the  oxioin  of  i 


•1  Sam.  ehim.iiii,  19,23.    4  Kii^i  ritip.  iviL  93, 84.    'Goguet.  Tom.  iii,  13. 

'Diodonu  Sieuloa,  qnotad  bf  RobsftwrL  India  page  191.  See  Vfilkiawa'a  Alniaut 
Bg^pliimi,  1  vol.  306. 

•Archytas  made  an  antomalon  nigaoD  of  wood  whiflb  would  fly.  Il  wis  this  probably, 
which  gars  the  idaa  to  tba  modam  mechuiciwi  of  Norembanti,  wbo  eoustmelail  an 
aagla,  whlcb  Saw  towards  CtiarlM  V.  on  his  entratKc  into  that  city 


„glc 


8  DwitiM  ^  Om  BiAjetL  [BoA,  I 

niLS  lor  contaimng  it;  on  wkllb  and  roDNTAura,  and  cnstomi  connected 
^th  tbem,  Ice. 

Some  persona  are  apt  to  iuppoK  the  term  HTDitAnLic  nKK^MM,  eompri- 
MS  eveiy  device  for  raiting  water;  but  such  is  not  the  fact  Apparatus 
projxUfd  hy  it,  as  dde  milU,  ice.  are  hydraulic  machbes;  these  do  not 
nise  the  liquid  u  all;  while  on  the  oontraiy,  all  those  for  elevating  it, 
which  are  comprised  in  the  second  claas,  are  pneumatio  or  bvdro-pnenmatie 
machines,  dieir  action  depending  on  the  pressure  and  elaatid^  of  the  at- 

The^rtt  Class  includes  diose,  by  which  the  liquid  is  elevated  in  movable 
Tessels,  by  medianical  force  applied  to  the  latter. 

Water  raised  in  a  bucket,  suspended  to  a  cord,  and  elevated  by  the  hand, 
or  by  a  windlass;  the  common  pole  and  bucket,  used  daily  in  our  rain  wa- 
ter ciHtems;  die  sweep  or  lever  so  common  among  our  farmers,  are  exam- 
ples of  this  class;  lo  are  the  various  wheels,  as  the  ^mpannm,  noris, 
chain  of  pots;  and  also  the  chain  pump,  and  its  modi&cations.  This  CImb 
embraoes  all  the  principal  machines  used  in  the  ancient  world;  and  the 
greater  part  of  modem  hydraulic  machinery  is  derived  frrm  it. 

The  weoitd  Clas])  comprises  such  as  r«ise  water  through  tubes,  by  meant 
4>f  the  elasticity  and  pressure,  or  weight  of  the  atmosphere;  as  tutAi»g 
pumps,  so  named;  siphons,  syringes,  Ac. 

The  aplicadon  of  these  machines,  nnlike  those  of  the  first  class  is  limi- 
ted, because  the  atmosphere  is  only  sufficient  to  support  a  eolmnn  of  water 
of  fi-om  thir^  to  thir^  five  feet  in  perpendicular  height;  and  in  elevamd 
eonutries,  (as  Mexico)  much  less.  Numerous  modifications  of  these  ma- 
chines have  been  made  in  modem  limes,  but  the  pump  itself  is  of  atment 

Those  which  act  by  coiiipre$fum  are  described  in  the  Aird  Chat.  The 
liquid  being  first  admitted  into  a  close  vessel,  is  dien  forcibly  expelled 
trough  an  aperture  made  for  the  purpose.  In  some  machiDes  this  is  efieei- 
ed  by  a  solid  body  impinging  on  the  surface  of  the  liquid;  as  the  jnstoa 
tf  a  pump:  in  others,  Uie  weight  of  a  column  of  water,  is  used  to  accom- 
plish the  same  purpose. 

Syringes,  dre  engines,  pomps  which  are  constructed  on  the  same  princi- 

'   '  e  famoui 


pie  as  the  common  bellows,  are  examples  of  the  former;  and  t) 
machine  at  Chemnitz  in  Hungary,  Heron 'sfountain,  pressure  engines,  of 
&e  latter.  Nor  can  the  originEd  invention  of  these  be  claimed  by  the  mod- 
^iniB,  Like  the  preceding,  they  were  first  developed  by  the  energy  of  on- 
eient  intellects. 

FourtA  Class.  There  is  however  another  class,  which  embraces  several 
Aiachines,  which  are  supposed  to  be  exclusively  of  modem  origin ; 
and  some  of  them  are  by  far  die  most  interesting  and  philosophical  of  all. 
Such  as  the  Bdlii.'r  hydraulique,  or  ram  of  Montgolfier;  the  centrifugal 
pump;  the  fb«  engine,  so  nained  because  it  raised  water  "by  the  help  of 
fire;"  that  is,  the  original  steam  engine,  or  machine  of  Worcester,  Ittore- 
hnd,  Savaty  and  Papin. 

In  thejf/ti  Class,  we  have  noticed  such  modem  devices,  as  areeither 
practically  useful,  or  interesting  from  their  novelty,  or  the  principles  upon 
which  they  act.     An  account  of  siphons  is  comprised  in  Uiis  class.     Re- 

marics  on  natural  modes  of  raisi    "  """  ' 

valves,  Sec;  and  some  general  p 
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CHAPTER    II. 

«  jHXxi— lu  dliDtka- 
— A  konrkild  af  tkh 

lir  in  J  u  udmUBd  Itsir  wrtUn— PoUUul  ingiiiiitj  of  llilionet— Water  i  promtnaDt  hum  b 
a«  pwvdlH  of  (ha  Adiktlu — GadieU  oftsB  iJBlii  by  limT«n«n,  ta  obttla  whtar  ftm  ttek  itoBadu 
OM>f  (drufhitf  nehwrnui— Hrdrmlii  ■MeUnit  nAmd  u>  la  Ecelanrto— The  ihAiI  am  iri||. 
Mtif  la  tila  Priraittra  laadai  af  piwwlaf  watir— Uaiaf  tb*  bawl  ai  a  ewf  TmUOaim  rni^natlat 
Adwa  flufai—  lraillB»«  PaflaJliB  ObaarYMlaaa  —  tba rtatOn  •om  vt  aan  ihI  llwulflBaf 
■htafO. 

Water  U,  in  many  respects,  the  most  important  substance  known  to  man : 
it  is  more  extenaively  difiused  throughout  nature  than  almost  any  other.  It 
covers  the  greater  part  of  the  earth'g  surface,  and  is  fonnd  to  pervade  its 
interior  wherever  excavations  are  made.  It  enters  into  every  or  neariy 
every  combination  of  matter,  and  vras  supposed  by  some  ancient  philoso- 
phen,  to  be  the  origin  of  oil  matter ;  the  prinfordial  element;  of  whicb 
every  object  in  nature  was  formed.  The  mmeral  kingdom,  widi  its  varis' 
gated  substances  and  chrystaliza^ons;  the  iuSniiely  diverged  and  enohan- 
tmg  productions  of  the  vegetable  world;  and  every  living  b^ng  in  anims- 
ted  nature,  were  supposed  to  be  so  many  modificaiions  of  this  aqueous  fluid. 
According  to  VirnnviuB,  the  Egyptian  priests  taught,  that  "  all  thinp  con- 
sist of  water;"*  and  Eg^t  was  doubtless  the  source  whence  Thalesand 
others  derived  the  doctnne.  Flint,  says  "  this  one  element  seemeth  » 
rule  and  command  all  die  rest'*  Aiid  it  was  remarked  by  PmBAi^— 
"  Of  all  tbingi,  watar  ii  the  belt" 

Modem  science  has  shown  that  it  is  not  a,  simple  substance,  but  is  eom- 
poted  of  at  least  two  others ;  neither  of  which,  it  is  possible,  is  elementaiy. 

Water  not  onl^  forms  [Mrt  of  the  bodies  of  all  animals,*  but  it  constitutes 
die  greatest  portion  of  their  food.  Every  comfort  of  civilized  or  savage  life 
depends  more  or  less  upon  it;  and  life  itself  cannot  be  sustained  without  it. 
If  there  were  no  rains  or  fertilizing  dews,  vegetation  would  cease,  and  every 
animated  being  would  perish.  Even  terrestrial  animals  may  be  considered  as 
exiiting  in  water,  for  tne  atmosphere  in  which  we  live  and  move,  is  an  im- 
mense aerial  reservoir  of  it,  ana  one  more  c^mcious  than  all  the  seas  od 
Ae  &ce  of  the  earth. 

Water  is  also  the  prominent  agent,  by  which  those  great  physical  and 
chemical  changes  are  effected,  which  the  earth  is  continually  undereping; 
and  the  stupendous  effects  produced  by  it,  through  the  long  series  of  past 
•gcB,  have  given  rise,  in  modem  times,  to  some  of  the  most  interesting 
demutments  of  physical  science. 

The  mechanical  effects  produced  by  it,  render  it  of  the  highest  impwr- 
tance  in  the  arts.  It  was  the  earliest  source  of  inanimate  motive  power; 
knd  has  contributed  more  than  alt  other  agents  to  the  amelioration  ni  man's 
condition.  By  its  inertia  in  a  running  stream,  and  by  its  gravi^  in  a  falling 
one,  it  has  superseded  much  human  toil;  and  fau  administered  to  oar 
wants,  our  pleasures  and  our  profits ;  and  by  its  expansion  into  the  aeriibtm 

•  Proem  to  b.  viii.    *  Nat.  HuL  ml.  1. 

■A  human coipsa  which  weifhed  an  hundred  and  »a.tj  pom^s—when  ihe  moiston 
was  •vaporatsd,  weighed  bat  twol* a.      . 
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Mate,  it  ^peara  to  be  desdoed,  (dirongli  the  atcam  engine)  to  accompluli 
die  greatest  moral  and  physicB]  changes,  which  the  intelLectuai  inhiibitanta 
of  this  planet  have  ever  experienced,  ain(»  our  species  became  its  deniKens. 
The  distribution  of  water  is  not  uitiform  over  the  earth's  surface,  nor  yet 
under  its  cnut.  While  in  some  countries,  natural  fountains,  capacious  riven, 
and  frequent  rains,  present  abundant  sources  for  all  the  purposes  of  human 
li& ;  in  others,  it  is  extremely  scarce,  and  procured  only  v/'ith  difficulty,  and 
GonsliLnt  labor.  This  has  ever  been  the  case  in  vanoue  parts  of  Asia,  and 
also  in  Egypt  and  other  parts  of  Africa,  where  rain  seldom  fells.  It  is 
only  from  a.  knowledge  of  this  fact  sjid  of  the  tempeniture  and  debilitating 
influences  of  eastern  climates,  that  we  are  enabled  to  o-ppreciate  the  pecu- 
liar force  and  beauty  of  numerous  allusiane  to  water,  which  pervade  all 
the  writings  of  eastern  authors,  both  sacred  and  profane.  Nor  without 
^lis  knowledge  could  we  underatutd  many  of  the  peculiar  customs  of  the 
people  of  the  east 

Mabohbt  w%11  knew  that  his  followers,  living  under  the  scorching 
lays  of  the  sun,  thpir  flesh  shrivelled  with  the  desiccating  influences  of 
the  (ur,  and  "dried  up  with  thirst,"  could  only  be  moved  to  embrace  his 
doctrines  by  such  promises  as  he  made  them,  of  "  springs  of  living  waters," 
■  "security  in  shades,"  "  amidst  gardens"  and  "  fountains  pouring  forth  plen- 
ty  of  water."*  Nor  could  his  ingenuity  have  devised  a  more  appropriate 
^nishment,  than  that  with  which  he  threatened  unbelieving  Arabs  in  hell. 
They  were  to  have  no  mitigation  of  their  torments;  do  cessation  of  them, 
except  at  certain  intervals,  when  they  were  to  take  copious  draughts  of 
"JiWit/  and  bailing  water."^  It  was  universally  believed  by  the  andento, 
Uat  the  MANBS  of  their  deceased  friends  experienced  a  suspension  of 

Snnishment  in  the  infernal  regions,  while  partaking  of  the  provisions  which 
leir  relatives  placed  on  their  graves.     The  Arabian  legishuor  improved 
Vfoa  the  tradioon. 

The  orientals  have  always  considered  water,  either  figuratively  or  lite- 
rally, as  one  of  the  principal  enjoyments  of  a  future  state.  Gardens, 
shades,  and  fountwns,  are  the  prominent  objects  in  their  paradise.  In  the 
Bevelations  we  are  told  "the  Lamb  shall  lead  them,  (the  righteous,)  un- 
to living  Jbuntains  of  waters."  Chap,  vii,  17. — "  A  pure  river  of  water  of 
Vfe."  Chap,  xxii,  1.  The  book  which  contains  ah  account  of  the  religion 
and  philosophy  of  the  Hindoos,  is  named  anbehtxend,  signifying,  "  the 
d«iem  of  the  waters  of  life."' 

Inhabitants  of  temperate  climates,  seldom  or  never  experience  that  ex- 
cruciating thirst  imphed  in  such  expressions  as  "  the  soul  panting  for  wa- 
ter;" nor  that  extremity  of  despair  when,  under  such  sulFermg,  the  exhaus- 
ted traveller  arrives  at  a  place  "  where  no  water  is."  Under  these  cir- 
cumstances, the  orientals  have  often  been  compelled  to  slay  their  camels, 
fi>r  the  soke  of  the  water  they  might  And  in  their  stomachs;  and  a  sura 
exceeding  Hve  hundred  dollars,  has  been  given  for  a  single  draught  of  it. 

It  is  necessary  to  experience  something  like  this,  in  order  fully  to  com- 
prehend the  imjjortance  of  ihe  Savior's  precept,  res]>ecting  the  gi>'ing  "a 
cup  of  cold  water,"  and  to  know  the  real  value  of  such  a  gift.  We  should 
then  see  that  sources  of  this  liquid  are  to  the  orientals,  literally  "fotintaint 
of  ij/f,"  and  "  w^  of  talvalion."  And  when  we  become  acquainted  with 
thoir  methods  of  raiting  water,  we  shall  perceive  how  singularly  apjxisite 
are  those  illustrations,  which  the  author  of  flcdesiastes  has  drawn  from  "the 
pitcher  broken  at  the  fountain;"  and  from  "  the  wheel  broken  at  the  cis- 
tern." Chap,  xu,  6, 

•Sals'! Koran, chsps. 66, 76, 63.  'Konn,chaps.  14,23,  37.  <HilIianofFael>,p.S63. 
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In  ■.ttempdng  to  discover  the  origin,  and  to  traca  the  progress  of  the  art 
of  raising  water,  we  must  have  recourte  to  Asia,  the  biithplace  of  the  arts 
apd  sciences;  from  whence,  as  from  a.  <',entre,  they  have  become  extended 
to  the  cLrcumference  of  the  earth.  It  whs  there  the  oiiginal  families  of 
OUT  race  dwelt,  and  the  inventive  faculties  of  man  were  first  devebped.  It 
was  from  the  ancient  inhabitants  of  that  continent  that  much  of  the  knonr- 
(edge,  nearly  all  the  arts,  and  not  a  few  of  the  toachines  which  we  possess 
at  ^is  day,  were  derived. 

That  man  at  the  first  imitated  the  hiwer  animals  in  quenching  his  thirst  at 
the  running'  stream,  there  can  be  no  dou^  It  was  natural,  and  because  it 
was  so,  his  descendants  have  always  been  found,  when  under  similar  cir- 
cumstances, to  follow  his  example.  The  inhabitants  of  New  Holland,  and 
other  savages  quench  their  thirst  in  this  manner,  (i,  e.  by  laying  down.) 
The  Indiuts  of  California  were  observed  by  Shetvock  in  1719,  to  pursue 
the  same  method.     "  When  they  want  to  dnnk  they  go  to  the  river."* 

The  heathen  deities,  who  in  general  were  distiiiguished  men  and  wo- 
man, that  were  idolized  afler  death,  are  represented  aa  practising  this  and 
•imilar  primeval  customs.  Thus  Ovid  describes  Latona  on  a  journey,  and 
l^giiiatiing  with  thirst,  she  arrives  at  a  brook, 

And  Jbu^Mf  on  the  brink 

SiBBfti  It  lit  fnA  TCfait,  prepired  to  drink. 

But  wiw  hindered  b;  the  rattle  nee.     JbMt,  vi.  600. 

When  urcumstances  rendered  it  difficult  to  reach  the  liquid  with  the 
mouth,  then  "  the  hollow  ^  the  hand, "  was  used  to  transfer  it 

G-ideon's  soldiers  pursued  both  modes  in  allaying  their  thirst;*  and  it 
was  the  practice  of  the  latt,  which  Diogenes  witnessed  in  a  boy  at  Athens, 
which  bduced  that  philosopher  to  throw  away  his  jog,  as  an  implement  no 
lon^r  necessary. 

Virgil  represents  Biteat  pracdsingit: 

Then  nater  in  hia  hollow  palm  he  took 
Ftdio  Tjber'*  flood.    £«.  viii,  95.  Oyi*'- 

And  HVmc,  in  the  absence  of  a  suitable  vessel,  made  libations  in  the 
Mue  way.     The  practice  was  common. 

Ai  bj  the  brook  be  itood, 

He  Bcoopnd  the  water  from  the  chrjitnl  Oood ; 
Thee  tridi  hia  hands  the  dropa  la  heaien  he  throws, 
And  loads  Ihs  powen  above  with  offered  rowi. 

"  At  sunrise,  the  Bramins  take  water  oat  of  a  tank  with  the  hollow  of  their 
hands,  which  they  throw  sometimes  behind  and  sometiraea  before  them,  in- 
voking Brama."* 

Herodotus,  describing  the  Nasamonea,  an  ancient  people  of  northern 
Africa,  observes,  "when  they  pledge  their  word,  they  drink  alternately 
from  each  other's  hands ;"  (b.  iv,  172.)  a  custom  still  retained  among  their 
descendants.  It  is,  according  to  Dr.  Shaw,  "  the  only  ceremony  that  is 
used  by  the  Algerines  in  their  marriages."  (Travels,  p.  303.) 

A  Hindoo,  says  Mr.  Ward,  "  drinks  out  of  a  brass  cup  or  takes  up  U> 
(juids  in  the  balls  of  his  hands."  {View  of  the  Hindoos,  p.  130.)  Thbmode 
of  drinking  may  appear  to  us  constrained  and  awkward ;  but  in  warm  cli- 
mates, the  flexibility  of  the  human  body,  and  custom,  make  the  performance 
of  it  easy  and  not  ungraceiiil. 

"  I  drank,  repeatedly  as  I  walked  along,  wherever  the  pebbles  at  the 
bottom  i^eamed  blearest^uEt  deep  enough  to  use  on^i  hand  as  a  cup." 
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(Lord  LbdsBjr'a  TnvtiM,  letter  7,  ArabtaL]     Anodier  Bn^uk  tnTcQer  iw 
t)0«d  women  in  India  lue  "  their  huids  u  Udlei  to  Gil  their  pitchers." 

Some  writen  sappose  that  Adam,  U  the  beginning  of  his  ezisteiice,  ml 
not  subject  to  such  inconvenient  ntodea  of  supplying  bis  natural  waata. 
Thej^'will  have  it,  that  be  possessed  the  knowledge  of  a  philosopher,  and 
was  equallY  expert  aa  a  modem  mechanic,  in  applying  it  to  the  practical 
purposes  (A  life.  It  need  sc&roely  be  remuked,  that  this  ia  imagina:^ :  we 
migst  as  well  credit  the  visionary  tales  of  the  rabbis,  or  digest  the  equally 
auttientic  accounts  of  Mahomedan  writers.  According  to  these,  Adam  must 
have  been  a  blacktmiti,  for  he  brAght  down  _/rM«  parasite  with  him,  five 
things  made  of  iron;  an  anvU,  apairof  ttmgt,  two  hammert,  alarge  and  a 
Stnallone,  and  &  needle/  Analogous  to  thia  is  the  afBrciation  of  the  Scyth- 
ians, mentioned  by  Herodotus,*  Uat  there  fell  from  heaven  into  the  Scythian 
disDict,  four  thiogs  made  of  gold;  a  plough,  a  yoke,  an  axe,  and  AgoiUt. 
The  palladium  of  Troy,  it  was  said,  abo,  fell  down  from  heaven.  It  was 
a  smell  statue  of  Pallas,  holding  a  dutq^  and  tpinSlt.^ 

We  believe  there  is  no  authority  in  the  bible,  either  for  the  superiority 
of  Adam's  knowledge,  or  of  the  circumstanoes  in  which  he  was  placed: 
on  the  contrary,  Moses  represents  him  and  his  immediate  descendants,  in 
(Hat  rude  state,  in  which  aU  the  original  and  distinct  tribes  of  men  have  been 
found  at  one  lime  or  another ;  living  on  the  spontaneous  productionE  of  the 
earth,  on  fruitsandroots;  ignomntoftheeiufltcnceanduBe  of  the  metnla,  (and 
there  could  be  no  oivilizauon  where  these  were  unknown;)  naked  and  in- 
sensible of  the  advantages  of  clothing:  in  procew  of  time,  using  a  slight  co- 
vering of  leaves,  or  other  vegetable  productions,  and  subsequently  applying 
the  skins  ofanimals  to  the  same  purpose;  then  coaatructing  huts  or  dwclUugs 
of  the  leaves  and  branches  of  trees;  attaining  the  knowledge  of,  and  use  of 
fire  ;  and  making  slight  attempts  to  cultivate  the  earth ;  for  slight  indeed  ibey 
must  have  been,  in  Uie  in&ncy  of  the  human  race,  before  animal  power 
was  applied  to  agricultural  labor,  or  the  implements  of  husbandry  were 
known.    Of  these  last,  rude  implements  formed  of  sticks,  might  have  been, 
and  probably  were  used,  as  uev  have  been  by  rude  people  in  alt  ages. 
Virgu'i  description  of  the  aborigmes  of  Italy,  previous  to  the  reign  of 
Saturn,  13  merely  a  poelic  ver«on  of  traditions  of  man  in  piitneval  tunes: 
tit»  liwa  ttw;  kneir,  not  mannerii  nor  tbe  car* 
or  iab'riu  oien,  nor  the  shinini  abare,  (the  ptoogh.) 
Nor  utg  01  ^ain,  nor  what  the;  gained  to  apiiTa. 
Their  exBrGue  tha  cbus  ;  At  naming  fioad 
^nilM  Ihiir  Uiint :  die  Ingu  auppiiwl  Uuirfini. 
Tbia  Saturn  cuns.    £».  viii,  480. 
Vitruvius  says, "  In  ancient  times,  men,  like  wild  beasts,  lived  in  forest*, 
aaves,  and  graves,  feeding  on  wild  food ;  and  that  they  acquired  the  art  of 
producing  are,  from  observing  it  evolved  from  the  branches  of  trees,  when 
violently  rubbed  a^nst  each  other,  during  tempestoona  winda."< 

Sinular  traditions  of  their  ancestors  were  preserved  by  all  the  ancient 
nations,  and  some  of  their  religious  ceremoniea  were  based  upon  them. 
Thus  at  ihe  Plynteria,  a  festival  of  the  Greeks  in  honor  of  Minerva,  it  was 
onslomary  to  carry  in  die  procession  a  cluster  oi  _fig»,  which  intimated  the 
progressof  civilization  amoikg  the  first  inhabitants  of  the  earth,  as  figs  served 
thero  for  fiiod,  after  they  had  acquired  a  disrelish  for  acoma.  The  Arca- 
dians eat  apples  till  the  Lacedemonians  warred  with  them.*' 

The  oak  was  revered  because  it  afforded  man  in  the  first  ages,  both  food 
Wtd  driidi,  l^  its  oconu  and  hmeg,  (bees  frequently  making  their  hives 

■iv,  5.    ^'nuMe  and  Hmilar  traditions  of  other  people,  indicate  the  ntnam  tntijmlf 
of  the  ia^lamenti  named.  The  ancienli  wars  •■  ignorant  of  their  origin  as  we  are. 
•  ii,  1.    '  Pintaiob  IB  Alcibiadai  aad  CorMbnuai 
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i^nit,)  and  from  this  cinnuiutanceprobably,  was  it  made  "sacred  to  Ju[n* 
t^."  The  elder  Pliny,  in  the  proem  to  fau  16tli  book,  ipeaks  of  trees 
which  bear  roast,  which  says  he,  "  miiustereil  Ae  ^fint  food  unto  our  fore- 
&therfl."     Thus  Ovid  in  hi^  descripdoD  of  the  golden  age^^ 

The  tMming  evtb,  nl  ^Ude«  of  Ae  |>loil|^. 

And  nnpruTOked,  did  miitfiil  itora  allow : 

Content  iritb  ftwd  wkich  nuom  frc^ji  brad, 

Oa  wildingi  rmd  od  itrawbarrlei  tbej'  M ; 

Comela  ud  brambla-bsrriM  (are  the  reit. 

And  falling  acomi  ftmubed  oat  Aa  feut      Mutm.  ix,  13S. 

In  the  ancient -iuMories  of  the  Cbinetc,  it  is  recorded  of  their  remote  an- 
cestors, that  they  were  entirely  naked  and  lived  in  cares ;  their  food  wild 
herfoj  and  fruits,  and  the  ra,w  flesh  of  animals ;  until  the  art  of  obtaining 
fire  by  the  rubbing  of  two  sticks  together  was  discovered,  and  husbandry 
introduced. 

There  are  persons  however,  who  suppose  it  dishonoring  the  Creator,  to 
imagbe  that  Adam,  the  immediota  work  of  bis  hands,  and  the  intellectual 
and  moral  head  of  the  human  family,  should  at  any  period  of  his  existence 
have  been  destitate  of  many  (£  those  resooroea  which  the  Indians  of  our 
continent,  and  other  sava^s  possess ;  although  it  is  evident,  tint  soma 
time  must  have  elapsed  before  ne  eonld  realise,  (if  he  ever  did,)  all  the 
conveniences  which  even  they  enjoy. 

There  is  nodung  nnreasonable  or  unscriptural  in  supposing  that  oB  the 
primitive  arts  originated  in  man's  immediate  wants.  Indeed,  they  could 
not  have  been  introduced  in  any  other  way,  for  it  is  preposterous  to  sup- 
pose  the  Creator  would  directly  reveal  an  art  to  man,  the  utili^^  of  which 
he  could  not  perceive,  and  the  exercise  of  which  his  wants  did  not  require. 

Nor  could  any  art  have  been  preterved  in  the  early  ages,  except  it  fur- 
nishod  conveniences  which  could  not  otherwise  M  procnred.  On  no 
o^r  consideration  could  the  early  inhabitants  of  the  world  have  been  in- 
duced to  practice  it.  But  when  success  attended  the  exerdse  of  their  in- 
^Duity  in  devising  meons  to  supply  their  natural  and  artificial  wants,  the 
simple  arts  would  oe  giaduallv  introduced,  and  their  progress  and  perpe- 
toity  secured  hypraetice  and  by  that  alone. 

This  appears  to  have  been  the  opinion  of  the  ancients : 

Jots  willad  that  nan,  bf  Ipag  ifmimet  tai^t,  , 

Shcnild  varions  art*  inrent  l^jnAwt  Aimv^-    f^*"-  i-  IBO. 
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CHAPTER      in. 

nlilsf  ■u«— Tin  0»lihiiih  lbs  Ant  on  It  ko  nhniri  ban  mt 
Lm  of  AuaHeuu— lakabitHU  of  H*w  Zwlud.  J*n,  amilri,  ud  tf 
PiinclpB]  maal  of  tfea  ADieu*— Cwiov*  rflBAik  of  Pllflr  nsp*elli(  It 
— ConHM  uHHif  tk>  ucisnl  Mbuuiu,  Kumu  ud  (^(j'pllui-'Oiranil  by  Iba  kiur  paoplc  oi  Iksir 
■Tfm  .  Tho  oodol  lAor  wblch  ToanLi  of  c«pHiit7  inro  Drifimlly  foruod — lu  dfiir*  jlill  pHtBrvoH  !■ 
Mnnl— AKieot  AiasrkH  th«U  capiai  froix  ii— Woniviu  baltlu-Ourfilcu-Tlui  (hrm  of  ttM  CdU. 

Ibr  luitlHf  inter  nodalod  After  It — Pipbin-^KBcs-pKd — Aaocdot«  of*  numea  Dknmtor — Tha  coo- 
■«  mt  iroo  cauklTOa.oC  (nat  utlqnilr  i  •inUiu'  inib^x:  lolboH  ued  Id  Kgypl.  in  ika  tlBi  of  Ka- 
a*M  -Uftsi  nhmsd  to  Id  the  Bibh  ud  in  Uis  Uad — Onctoo,  Ronu,  Celtic,  CUhh,  (wI  PanTlaB 
ouldiini— EipenueHorcliIiieM  Halien — CroeHud  ibs  Ddpkie  and*— IlDlAirBiitf  iathn  tfon 
•r  cuUdrou— Guug  of  tkii — Sapar^riV  of  Ibwr  form  oTer  Rni|)il  aidod  boitaH~.BnuD  culdnai 

rouf  ftaili  of  Budk— Dotttrit)'  of  Ollitiiial  woihb  Ib  bilucin(  naur  pou — Orifla  oT  Die  Cui^i* 
-^jBfBAUtf  OBd  &aud  of  ufifjptiu  ptieit — ficcloekiutjcal  docapElDU  In  tha  nid'Ufl  iH(fl& 

Water  being  equally  neccBsary  as  more  solid  food,  man  would  early  be 
impelled  by  his  appetite,  to  procure  it  in  larger  tjuantities  than  were  ro- 
quired  to  aJlay  hia  tliirst  upon  &  single  occasioit ;  and,  also  the  means  by 
which  he  might  convey  it  with  him,  in  his  wanderings,  and  to  his  family. 
It  is  not  improbable  that  this  was  the  first  of  man's  natural  wants  which 
required  the  exercise  of  his  inventive  faculties  to  supply.  The  luxuri* 
uice  of  the  vegetable  region,  in  whinh  all  agree  that  he  was  placed,  fuT- 
nidhed  in  abundance  the  means  that  he  sought;  and  which  his  natural  sa- 
gacity would  lead  him,  almost  instinctively,  to  adopt.  The  calabash  or 
QOUXD,  was  probably  the  Rrst  vessel  used  by  man  for  collecting  and  con- 
tuning  water:  and  although  we  have  no  direct  proof  of  this,  there  is 
evidence,  (that  may  be  deemed  equally  conclusive,)  in  the  general  fact — 
diat  man,  in  the  infancy  of  the  arts,  has  always,  when  under  rimilcr-  cir- 
atmUaneca,  adopted  the  tame  utemu,  to  accomplish  the  *aMe  oh^tt.  Of 
this,  proofs  innumerable,  might  be  adduced  from  the  history  of  the  old 
world,  particularly  with  regard  to  the  uses  and  application  of  natural 
productions;  and  when  at  the  close  of  the  fifteenth  century,  Columbus 
Opened  the  way  to  a  neu  world,  having  in  his  search  after  onb  continent  dis- 
covered  another  (of  which  neither  he,  nor  his  contemporaries  ever  dreamt, 
and  which  in  extent  exceeded  all  that  his  visions  ever  portrayed;)  he  found 
die  CAI.XBA8H  the  principal  vessel  in  use  among  the  Inhabitants,  both  for 
contajning  and  transporting  water. 

The  calabashes  of  the  Indians,  (says  Washington  Irving,}  served  all 
the  purposes  of  glass  and  earthenware,  supplying  them  with  all  sorts  of  do- 
mestic utensils.  They  oreproducedonstately  trees,ofthesizeofelms.*  The 
New  Zealanders  possessed  no  othtr  vessel  for  holding  liquids ;  and  the 
some  remark  is  applicable  at  the  present  day  to  numerous  savage  tribes. 
Osbeck,  in  his  Voyage  to  China,  remarks,  that  the  Javanese  sold  to  Eu- 
ropean ships,  among  other  necessaries,  "  bottles  of  gourds  6lled  with  wa- 
ter, as  it  is  made  up  for  their  own  use."^ 

When  Kotzebue  was  at  Owhyhee,  Tamaahmaali  the  king,  although  he 
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possessed  elegant  European  table  utensils,  used  at  dinner,  &  guurd  eontaio- 
ing  taro-ilough,  into  which  he  dipped  his  fingerB,  and  conveyed  it  by 
them  to  his  mouth,  observing-  to  the  Russian  navigator, "  this  is  the  euB- 
tom  in  my  country  and  I  will  not  depart  from  it"*  This  conduct  of  Ta- 
maahmaah,  resembled  that  of  Motezuma.  Solis  obserrvs,  that  he  had 
"  cups  of  gold  and  salvers  of  the  same,"  but  that  be  sometimes  drank  out 
of  cocoas  and  natural  ahclls.^ 

When  Kotzebue  revisited  the  Radack  Islands,  "  he  carried  to  them 
•eeds  of  gourds  for  valuable  vessels,"  as  well  ts  others  of  which  tha 
fruit  is  eaten.* 

"  There  is  a  gourd  more  esteemed  by  the  inhabitants  of  Johanna  for 
the  large  abell,  than  for  the  meat.  It  will  hold  a  pailfuL  lis  figure  is 
like  a  man's  head,  and  therefore  called  a  calabash."' 

The  people  of  Sumatra  drink  out  of  the  fruit  called  labu,  resembling 
the  cal^Msh  of  the  West  Indies  :  a  hole  being  made  in  the  side  of  the 
neck  and  another  otve  at  the  top  for  vent.  In  drinking  they  generally 
hold  the  vessel  at  a  distance  above  their  mouths,  (like  the  ancient  Greeks 
Knd  Romans)  and  catch  the  stream  as  it  falls ;  the  liquid  descending  to  the 
stomach  without  the  action  of  swallowing.* 

The  Japanese  have  a  tradition  that  tha  first  man  owed  his  being  to  a 
calabash.'' 

Capt.  Harris,  in  hii  "  Wild  sports  of  Southern  Africa"  (chap,  xvii.)  in 
descnbing  the  residence  of  the  kmg  of  Kapaue,  observes,  "  the  iumiture 
consisted  exclusively  of  calabashea  of  beer,  ranged  round  the  wall."  And 

r'n  in  chap,  xx  : — "  a  few  melons,  rather  deserving  the  name  of  vegeia- 
,  were  the  only  fruit  we  met  with  ;  and  these  J  presume  are  nurtured 
chiefly  for  the  gourd,  which  becomes  their  calabash  or  water  fl^oit." 

Clavigero  says,  "  the  drinking  vessels  of  the  ancient  Mexicans,  won 
made  of  a  fruit  similar  to  gourds."' 

For  such  putposes,  the  calabash  has  ever  been  used  wherever  it  wai 
known,  and  will  continue  to  be  so,  as  long  aa  it  grows  and  man  lives. 

The  elder  Pliny,  in  speaking  of  the  cultivation  of  gourds,  a  species  of 
which  were  used  as  food  by  the  Romans,  observes,  "  g^  laU  they  have 
been  used  in  baths  and  hot  houses  for  pots  and  pitcher* ;"  but  he  odds^ 
that  they  were  used  in  ancient  lima  to  contain  wine,  "  in  place  of  mnd- 
lets  and  barrels."  From  him  we  learn  that  the  encients  bad  discovered 
the  means  of  controlling  their  forms  at  pleasure.  He  says,  long  gourds  are 
produced  from  seeds  taken  from  the  neck ;  while  those  from  toe  middle 
produce  Tound  or  tphfrkal  ones,  and  those  from  the  sides,  bring  forth  such 
OS  are  thort  and  thidc!^ 

Among  the  offerings  which  the  EgypQans  placed  on  their  altan,  was 
the  gourd.  An  undeniable  proof  of  its  value  in  their  ectimstion;  for  no- 
thing  was  ever  offered  by  the  ancients  to  their  gods,  which  was  not  highly 
esteemed  by  themselves.'  The  consecration  of  this  primeval  vessel,  in 
common  wiu  other  objects  of  ancient  sacrifice,  doubtless  originated  in  its 
universal  use  in  the  early  ages;  and  most  likely  gave  rise  to  the  subse- 
quent practice  of  dedicating  cups  and  goblets,  of  gold,  silver,  and  some- 
times of  precious  stones. 

As  the  gourd  or  calabash  was  not  only  die  first  vessel  used  to  collect 
and  convey  water,  but  one  apparently  designed  by  the  Creator  for  these 
purposes,  a  figure  of  it  is  here  given. 

•VoyagsDiKOv.  Lon.ia3].i,  313,Rndii,  193.  ^ConqueMHeiieo,  Loo.  1734.  iii,83. 
"iii,  ift.  'A  New'Aceannl  of  Eflit  India  and  PerBia,  by  Dr.  Frjer.  Lon.  1896.  17. 
*lunlea'sSuniBt.61.  'Honctnos' Japan.  275.  (Hiat.  of  Mexico.  Lon.  1B3T.  1438. 
kNBLHi«Lxii,6.    'Wilkmson  1,970. 
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TIlis  interesangprDductioii  of  natura  is  endtlod  topar- 

dcular  notice,  becuue,  it  is,  in  aJl  probability,  the  original 

tnoM  of  the  earlieat  artificial  veasels  of  capacity ;  the 

pattern  from  which  they  were  formed.     It  is  impoMible 

U>  glance  at  the  figure  without  reco^izing  its  striking  re- 

,  semblance  to  our  jun.  flasks,  jara,  demijohns,  Ik.     In- 

V  deed  when  man  fint  Degan  to  make  vessels  of  clay,  he 

J  had  no  other  pattern   to  guide  him  in  their  formation  but 

this,  one  with  which  he  had  been  bo  loDf  familiar,  and  the 

figure  of  which  experience  had  taught  him  was  so  well 

adapted  to  his  wania.     Independent  of  other  advantages  of  this  form,  it 
k  the  best  to  impart  itrengtA  to  fragile  materials. 

That  the  long  necked  vases  of  the  ancients  were  modeled  after  it,  is 
obvious.  Many  of  them  diSer  nothing  from  it  in  form,  except  in  die  ad- 
ditian  of  a  handle  and  base.  The  oldest  vessels  figured  in  the  Grandi 
Dhcuption  of  Esipt,  by  the  Savaos  of  Frsnoe,  and  in  Mr.  Wilkinson's 
lue  work  on  the  anci«it  E^ptiana,  are  foc-similea  of  it.  The  same  remaric 
applies  10  those  of  the  Hindooa  and  Chinese. 


The  first  diree  on  the  left  are  of  earthenware  from  Thebes,  from 
Wilkinaon's  aecond  voloiae,  p.  3iS,  3fi4.  "  Golden  ewen"  of  a  similar 
fiwm  wne  used  by  the  rich  Egyptians  for  containing  water,  to  wash  the 
kanda  and  feet  of  their  miests.  (page  802.)  The  nest  is  Etruscan,  from 
the  "  Hiatory  of  the  ancient  people  of  Italy."  Florence  1832.  Plate  82. 
The  adjoining  one  is  a  Chinese  vase,  from  "  Designs  of  Chinese  Buihl' 
ingB,  Famitnra,"  4c.  Lon.  1767.  The  last  is  fromEgypL  Similar  shaped 
Tessela  of  the  Grreeks,  Romans,  and  other  people  might  easily  be  pro- 
dticeiL  See  Sak's  Voyage  to  Abyssinia,  page  408,  and  GroMM  Deterip' 
(MM,  E.  M.  Vol.  S.  Plates  I,  I,  and  F,  F.  In  the  Hamilton  Collection  of 
Vasea,  examples  may  be  found.  In  the  splendid  volonte  of  plates  to 
D'Agincourt's  Stoiia  Dell*  Arte,  the  figure  of  the  gourd  mav  be  seen  to 
have  prevailed  in  oilificiai  vessels  in  the  ibiuth,  fiAh,  ana  up  to  the 
twelfth  centuries. 

Nomerous  vessels  from  the  tombs  of  dw  Incas,  are  identical  in  figure 
irith  die  calabash;  while  others,  retaining  its  general  feature,  have  the 
bellied  part  worited  into  resemblances  of  the  human  fiice.  As  severs] 
old  Peruvian  bottles  exhibit  a  peculiar  and  useful  feature,  we  have  inserted 
(&jure  3,)  a  representation  of  one,  in  the  possession  of  J.  R.  Chilton,  M.  D. 
of^dns  ci^.  An  opening  is  fomied  in  the  inner  aide  of  die  handle  which 
eommunicates  with  the  mterior  of  the  vessel,  by  ft  smaller  one  nude 
trough  the  side,  as  shown  in  the  section.  By  this  device  air  is  admit-  - 
ted,  and  a  person  can  eidier  drink  from,  or  pour  out  die  contents,  with- 
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out  axperiennin^  that  disagreeable  gurgling 
wHch  accompanies  the  emptying  of  a  modem 
bottle.  The  opeoui^  are  ao  arranged  as  to 
forTU  a  veiy  (AnZ2  whutie — by  l^lowing  into  the 
mouth  of  the  vessel,  a  sound  b  produced, 
^  equal  to  that  from  a  boatswain's  call  on 
board  a  man  of  war. 

These  vessels  have  been  nodced  by  most 
travelers  in  Soulh  America.     They  sre  some- 
p— -Mm  BsBta.  times  found  double — two  being  connected  at 

the  bottom  with  only  one  di«charging  orifice. 
Some  are  of  silver.  jFVeaiw,  among  others,  gives  a  figure  of  one  resembling 
two  gourds  united.  It  "  consists  of  two  bottles  joined  together,  each  ^bout 
six  iuches  high,  having  a  hole  (tube)  of  communication  at  the  bottom.  One 
oftinm  is  open,  and  Ue  other  has  on  its  orifice  a  little  animal,  like  a  mon- 
lcey>  eating  a  ood  of  some  aort ;  under  which  ia  a  hole  which  makes  a  whist- 
ling when  water  is  poured  out  of  die  mouth  of  the  other  bottle,  or  when 
diat  within  is  but  shaken;  because  the  air  being  pressed  along  the  sur&ce 
«f  both  bottles,  te  forced  out  at  that  little  hole  in  a  violent  manner."* 

These  whistles  are  so  constructed,  a*  to  play  either  when  the  air  is 
drmim  m  dirongh  them,  or  forced  out.  Perhaps  the  water  organs  of  tliB 
ftnoienis,  were  origimaUtf  litde  more  than  an  asaembl^e  of  simdar  vessels. 
M,  Frtxier  thought  the  smalleat  of  these  bottles  were  designed  expressly 
to  prodvoe  music ;  if  so,  they  ars  (we  suppose)  the  only  water  insbu- 
ments  extant.^ 

The  large  earthen  vessels  used  by  the  water  carriers  of  Mexico,  strict- 
ly resemble  the  goiu^.     Saturday  Mag.  vol  vi,  IBS. 

The  "gnrgulets"ofdM  Persians,  Hindoos,  and  Egyptians  of  the  preMttl 
day,  are  radier  lai^er,  but  of  the  same  shape  as  the  Florence  flask,  i.  e; 
of  die  gourd.  Tfaey  are  formed  "  of  a  porous  earth,  and  are  so  called 
from  tin  sound  macfe  when  water  is  poured  out  of  diem  to  be  drunk,  as  ■ 


■AV«jn«etaibeSoiidiSaa,&c.  utl712,']3,14.  Loa.  1717.  ST4. 

^  Ha  IbHcFwin^  sxtnct  from  i  lata  nawipaper  iffindi  addiliaaBl  mfonnation  raapart- 
isg  tfaaie  tcmbIi  m  lemola  agei : 

"  71U  PfraaisM  FtMfiH — W*  reoeallj  gare  i  doMtiptiou  of  aa  ancisDt  nibMrraiMta 
oitf,.  daitrajad  bf  an  eartbqiuke,  or  mdw  oOmt  sadMU  eoDrnliion  of  nalare,  lately 
diicaTered  nsar  (be  port  of  GoainKj,  in  T^uitUo,  on  die  coast  of  Pern.  Tlia  enty  ac- 
eonnt  of  ilwbkbappaantohtVB  ai  jst  bsen  reoaired  in  dn  UaJled  Stau*,  nu  brooglit 
by  Capt  Bay  of  Hantanhet,  wha  a  ttm  weeks  sine*  rctnmed  from  the  Boudi  8eu  in  ■ 
the  riup  Lo^n,  and  wlio,  having  viailed  the  ^ot  whiUt  die  inbd>iliiit>  of  Gnannej 
were  easavatii^  tba  buried  dreeti  and  bailing!,  obtained  mveral  iuierestinc  relici  of ' 
it*  ancient  bnt  nnkaown  popalation.  The  Pardimd  Orion  deenitiei  eome  of  dteee,  of 
whidi  we  did  not  find  ai^  mention  in  the  Nantnckat  Inqnirer  from  whom  we  dtrired : 
<nu  fiwBW  infcrmaliMi,  and  lliej  are  of  a  dnraeut  wbieh  m^  pOMibljr  sffiitd  the  dili- 
mnt  aniiqaaiy  wna  cine  to  the  i^  and  orifin  of  Oe  peo^  to  whom  Ihe^  belonced. 
Tbej  ue  two  xroUeqael]'  duped  eartlieD  ranels,  •omewhal  ndely  yet  ingtniooili' 
tMiMtracied,  ofa  ipecies  of  cl^,  colored  or  bomt  nesriy  black.  One  of  thmet  whicb 
ia  capable  of  holding;  atMot  a  pmt,  ii  Aaped  ■omewbat  bke  ■  qnatl.  with  *  (ponl  two 
inebea  long,  riMnf  from  tlw  centra  of  tlw  ba^  from  which  aba  a  handle  extendi  to 
tbeiide. 

Tbe  other  is  a  doable  vasMl,  eonneeied  at  the  eentre,  and  abo  at  Ilia  top,  by  a  handle 
tetebiiw  from  tbe  ipont  or  nomle  of  one  voael  M  tbe  upper  pert  of  Ifae  atbar~ibe  YUr 
tarnotbei^paifimiedbBtirTOnghtmtodie  likanaa  ofa  Taiy  nnpfapoMWiiiig  bn- 
aain  ooDntenanco.  At  die  back  oTwbst  nu^beeonridenddMhead^ibii  tbee.iia 
■nail  hole,  so  Mntrired  tbal  on  btowtng  into  the  monA  of  the  veMal  a  rimll  note  is , 
pradncad,  Muilar  to  that  ofa  boatswain's  call.  From  tbe  activity  with  which  (be  exca- 
vatioaa  were  proceeding  iriienCapt  B^left  the  place,  It  auj  be  hoped  that  diaco*er- 
is*  win  be  mad*  wUoh  wiH  ffaalty  add  to  the  antiqnarian  history  of  bit  eontnMnt" 
3 


„glc 


18  Prmitive  BoOtn.  [Book]. 

die  Indiana  do  withont  touclinig'  it  witb  tfaeir  lipa,"*-  The  bottles  of  the 
Negroes  of  Africa,  are  made  of  -n-oven  gnus  of  die  avae  shape.  Sarth- 
en  gnrgulets  for  cooling  Uqnida  are  made  in  this  city. 

The  gourd  waa  not  merely  imitated  by  primitive  potters  and  braKiera, 
but  when  the  arts  were  at  their  zenith,  its  figure  predominated  in  the  most 
el^rarate  of  vaaes.  The  preceding  remarks  show,  that  the_^orau  of  many 
of  our  ordinary  vessels  of  capaci^,  did  not  originate  in  caprice  or  by 
chance,  but  are  derived  from  nature ;  that  the  pattern  which  man  has  co- 
pied, was  iumished  him  by  his  Maker;  and  that  wilii  all  his  ingenui^, 
he  has  never  been  able  to  supersede  it  Peksivs  in  hia  third  SMire,  ^- 
ludes  to  the  transition  irom  primitive  earthenware  and  brazen  vosseb  to 
those  which  luxury  had  introduced  in  his  days : 

Now  gold  huh  baniihed  Noma's  simple  vase, 

And  the  pisin  brass  of  Sahun's  Ihigiu  daji. — 

Noiv  do  we  lee  to  prscioui  goblets  tnni, 

Tbe  Tiucan  pitcher,  and  (fae  veatol  nni.    DrmtmiMd,  UK. 

VBHSELS  FOK  BBATINO  W&TEB. 

Altiiongh  not  strictly  connected  with  the  subjeet,  we  may  observe 
tbat  the  gourd  is  probably  the  ori^nsJ  vessel  fin-  HEATiNa  water,  /coking, 
Ifo.  In  these  and  other  applications,  the  neck  is  sometimes  used  as  a 
handle,  and  an  opening  made  into  the  body  by  removing  a  portkiu  of  it, 
(•ee  illustration  No,  4,)  its  exterior  being  kept  m<HStened  by  water  while 
on  the  fire,  as  still  practised  by  some  people,,  while  others  apply  a  eostiog 
of  clay  to  protect  it  from  the  effects  of  flame. 

In  some  ports  where  the  calabash  or  gourd  is  not  cultivated,  cocoa  shells 
Bie  used  in  the  same  maiuier.  Rotzebtts  found  the  Radat^  Idandeia 
thus  heating  liquids.  "On  my  return,  I  fell  in  wkh  a  company  sitting 
roHud  a  fire  and  boiling  something  in  cocoa  ^ells."^  A  primitive  Sm- 
mainm  vessel  for  boiling  rice  is  the  bamboo,  which  is  stil)  used — by  the 
-time  Ae  rice  is  dressed,  the  vessel  is  nearly  destroyed  by  &e  fire."  When 
in  prooeH  of  time,  vessels  for  heating  water  were  formed  wholly  of  clay, 
they  were  fashioned  after  the  gourd.  Figures  of  ancient  laucepant  both 
of  metal  and  fictile  ware,  greaUy  resemble  it,  and  so  do  some  of  those  of 
modem  -times.     The  common  earthenware  pipkin  is  an  example. 

This  usefiil  implement  has  come  down  from  very  remote  ages,  and 

apparently  with  slight  alteration  in  its  figure.     (See  figure  in  No.  4.)     In 

some  parts  of  Europe,  its  form  approaches  still  nearer  to  that  of  the  gourd. 

It  is  used  over  all  the  eastern 

^<^    ^  world.     D  ampler     observed    ill 

f  -^—^  Tonqnin,  "  -women  sitting  in  the 

V  y'  ^"^..-^^  streets  with  a  pipkin,  over  a  small 

^^r:  -T     I    ^'^  C:rr:r^    fire  full  of  ohau,"  or  tea,  which 

?hi  I?     \  w^mmm    diey  thus    prepared    and  sold.^ 

f  \     \^    ^  _y  Fosbroke  enumerating  the  honse- 

1  )  hold      utensils     represented     in 

V^  /  Egyptian    sculptures,    remarks, 

^^——^  "-WB  meet  too  with  vessels  of 

No.  4.  aav^CHidioa,«dPipkiB.  the  precise  form  of  modern  sauco- 

pans.""    An    interesting  ciream- 

stance  is  recorded  in  Roman  histoiy  in  connection  with  oite  of  these 

vessels.     Mareus  Cnriua  Dentatua,  who  waa  tbree  times  Consul,  waa  aa 

•  Fryer".  India  and  PetBis,  p.  47. 

^VofBse  DiMov.  ii,  109,  and  iii,  IGS,  s«d  Fiver's  India,  7. 

°Hsrsdei]'aSiimatrs,60.    'Dsmpiei'sTojege.  Lon.  1706.11,31.    •  For.  Topof .  83. 
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remarkable  for  liis  fruK^Hty  as  his  patiiotiim.    During'  tHe  time  that  ba 
fw&yed  the  descuoes  of  his  country,  the  ambassadors  of  the  SEtmnites  vi- 
■ttea  him  at  his  cottage,  and  found  him  boiling  vegetables  in  aa  earthen 
pot  or  pipkin  ;  they  attempted  to  bribe  him  with  large  presents ;  but  he 
charafteristically  replied,  "  I  prefer  my  earthen  pots  to  all  your  veaseli 
of  ^Id  and  of  silver."     To  this  Javenal  alludes,  irbeti  coDDudng  the 
fragality  of  farmer  times  widi  the  luxury  of  his  contemporaries : 
When  with  the  herbs*  he  ntbered,  Cuuoi  Hood 
And  seetbed  lu*  ponafc  e  er  the  Bsinini  wood  ; 
That  HiiDple  men,  so  old  DiciMor'a  (real, 
lie  highway  laborer  now  woald  mora  to  sbL      Sat.  zi,  105. 

The  ooiDinon  cast  iron  bellied  kettle  or  cauldron,  furnishes  another 


proof  of  the  forma  of  culinary  vessels  having  undergoue  little  i 
abange,  while-  passing  throu^  so  many  ages :  its  ahape  is  precisely  the 
same  as  that  of  the  Him-A  or  pot,  sculptured  on  the  obelisk  of  Heliopohs, 
(See  its  figure  in  No.  4,  and  Dr.  Shaw's  Travels,  402,  413.)  Other* 
with  ears  utd  feet,  are  delineated  In  the  Theban  aculptures.  In  the  tomb 
of  Rameses  the  Third,  is  a  graphic  representation  of  an  Egyptian  kitchen, 
lowing  the  procesaea  of  slaying  this  animals— cutting  the  joints — pre- 
paring ingrecuents  f«r  aeaaoning — boiling  the  meat — atirring  the  fir^— 
making  and  baking  bread,  kc.  &c.  The  cauldrons  of  vatious  sizes  are 
similar  in  shape  to  oars.  Wilkinson's  An.  Egyp.  ii,  351,  383,  38S.  There 
is  reason  to  believe  that  boilers  of  this  form  were  common  to  all  the  na- 
tions of  the  oneieut  world ;  that  the  '  pottage '  by  which  Jacob  defrauded 
£sau  of  his  birthright ;  and  the  '  savoui^  meat,  which  Rebecca  cooked 
for  Isaac,  were  prepared  in  them.  To  one  of  these.  Job  referred ;  "  out 
of  his  nostrils  goeth  smoke,  as  out  of  a  seething  pot  or  cauldron."  xli,  20. 
And  Elisba  also,  when  he  said  to  his  servant  "  Set  on  the  great  pot,  and 
seethe  pottage  for  the  sons  of  the  prophets."  2  Kings,  iv,  38.  It  is  oflen 
mentioned  by  Homer,  in  whose  writings  it  forms  a  conspicuous  object: 
And  MMw  the  flam*!  eiicompa*(iiic  around  its  osub  Mb. 

AM  iriii,  437.  CoKpir 
Snch  were  the  boilers  of  Argos,  (respecting  which  arose  the  saying,  "  a 
eo^  &om  Elis — a  aaddrom  from  Argos — tapettry  from  Corinth,  &:c.)  and 
of  the  Spartans,  in  which  they  prepared  their  famous  '  black  hroA.'  A 
figure  of^  a  Roman  cauldron,  m  which  the  priests  boiled  their  portion  of 
the  sacrifice,  is  given  by  Misson,  in  the  first  volume  of  his  Travels,  plate  4. 
It  has  a  bail,  three  studs  or  foet,  and  is  of  a  spherical  shape  resemblinjf 
otirs,  but  ornamented  with  figures  round  its  sides. 

The  same  shaped  boilers  were  common  among  the  Oauls,  who  probably 
derived  the  knowledge  of  making  them  from  the  Phenicians.  The  art 
of  tijutiMg  culinary  vessels,  which  they  are  said  to  have  invented,  (Pliny, 
Nat.  Hist,  xxxiv,  17,)  woe  most  likely  obtabed  from  the  same  source.'' 
The  Ceitiberi  are  said  to  have  been  expert  workers  of  iron.  Their 
"  most  ancient  iron  pot,"  had  ears  and  feet,  and  was  shaped  like  diose  of 
As  Egyptians.  (See  its  figure  in  '  Scottish  Gael.'  p.  316.  The  cast  iron 
cauldrons  of  the  Chinese  are  also  examples.  These  are  made  very  thin; 
and  what  is  singular,  their  mechanics  have  the  art  of  soldering  them  when 
cracked,  with  portions  of  the  same  metal,  by  means  of  a  Uow-pipe  and 
•mall  funuuK.'     They  are  the  principal  article  of  farnitnre  in  the  dwell- 

■Plaiateb,  m^  ttiey  ware  iwyi. 

^Plinj,  b.  xii,  1,  Mfs,  tte  Ganb  i«en  fiisl  indoMd  to  invade  Kome,  bjr  one  oT  Ibeit 
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iuga  of  the  poor.  The  kettles  of  the  Chinese  tays  Mr.  Bell,  (who  lodged 
one  da;  in  a  cook's  honse  oear  Pekin,)  "  are  indeed  venr  thin,  and  made 
of  cast  iron,  beiu^  extremely  smooch  both  within  and  without."  Fuel  ia 
scarce  and  (hey  used  bellows  to  heat  them.'  These  we  have  no  reason  to 
suppose  have  undergone  any  chane^  from  the  remotest  times,  and  thaj 
are  in  all  probability  of  the  same  lorm  bb  the  celebrated  cauldrons  of  an- 
tiqui^.  That  those  of  the  Scythians,  the  ancient  Tartars  and  Chinese, 
were  similar  to  those  of  the  Greeks,  is  asserted  by  Herodotus.  "  Ai 
Scythia  is  barren  of  wood,  they  have  the  following  contrivance  to  dress 
the  flesh  of  the  vicdm :  having  Hayed  the  animal,  they  strip  the  flesh 
from  the  bones ;  and  if  they  have  them  at  hand,  they  throw  it  into  eertam 
pott  made  tn  Scythia,  end  RBiiEifBi.iNa  THE  LESBIAN  CAULDBORS,  thoagli 
somewhat  larger."     Herod.  Iv,  61. 

The  hoilera  of  the  ancient  Mexicans  and  Peruvians,  had  the  same  ge- 
neral form.  See  plate  31  of  Freiier*!  Voyage  to  the  South  Sea,  in  1712, 
'13,  '14.  As  these  people  had  not  the  um  of  iron,  their  vessels  were  of 
earthenware,  copper  and  its  alloys,  silver,  and  even  of  gold.  In  die  temple 
pie  at  Cusco,  "  were  boylinff  pots  and  other  reasels  of  gold."  Two  enor- 
mous cauldrons  were  carried  oy  the  conquerors  to  Spain,  "  each  sufficient 
wherein  to  boyle  a  cow,"  (Purchaa'  Pi%rimage,  1061,  and  1073,)  The 
negroes  of  Africa,  mode  theirs  of  the  same  shape.  (Generals  Histoire, 
torn.  V,  Planche  65.)  harge  cauldrons  were  common  of  old ;  they  are 
frequently  mentioned  by  Homer,  Herodotus,  Sec.  and  in  the  Bible.  Maho- 
met, in  the  34th  ch^ter  of  the  Koran,  speaks  of  large  cauldrons  be- 
longing to  David.  Some  of  those  represented  at  Thebes,  appear  va(- 
ficiently  capacious  to  contain  the  cooks  that  attend  them.  Cnesus  boiled 
together  a  tortoise  and  a  lamb  in  a  large  brasen  cauldron,  which  had  a 
cover  of  the  same  metal ;  hence  the  reply  of  the  Delphic  oracle,  to  the 
demand  of  his  ambassadors  1a  be  informed  what  Crcesus  was  at  that  mo- 
ment doing : 

E'en  now  the  Mion  la  my  leDee  that  liee 
A  tortoiie  boilint  with  a  lunb  nippliei, 
Where  bnn  below,  and  bnt*  abave  ii  lie*.     Hmd.  i,  47. 

The  quesbon  naturally  arises — why  such  uniformity  in  the  figure  of  this 
ntenul  1  and  what  has  mduced  people  is  distant  dmea  and  countries  to 
make  it  resemble  a  pordon  of  a  hollow  sphere  or  spheroid,  instead  of 
forming  it  with  plane  sides  and  bottom  1  It  is  clear  there  was  some  coi>- 
trotling  reason  for  this — else  why  should  the  fanciful  Greek  and  Roman 
artists,  have  permitted  it  to  retain  ita  primitive  form,  while  all  other  house- 
hold implements,  as  lamps,  vases,  drinking  vessels,  and  tripods,  &c.  were 
moulded  by  them  into  endless  shapes  Brasen  cauldrons  we  know  were 
highly  prized.  They  were  sometimes  polished,  and  their  sides  richly  or- 
namented, but  still  nieir  general  form  was  the  same  as  those  of  more  an- 
cient people.  In  this  respect,  both  Greeks  and  Bomane  left  them  as  they 
found  them.  The  reason  is  obvious.  When  a  liquid  is  healed  in  a  cy- 
Undrical  or  other  vessel  having  penwndicular  udes,  it  easily  '  boiU  over  / 
but  when  the  sides  incline  Hitnmu  at  the  top,  as  in  these  cauldrons ;  it 
cannot  well  be  dirown  out  by  ebullition  alone ;  for  the  heated  waves  as  they 

tnnily  of  seeing  a  linker  execule  whil  I  bslieve  ia  anknowa  in  Enrope.  Be  mended 
id  loldBred  £r]rinf -pana  of  caat  iron,  that  were  cracked  and  liiU  of  holei,  and  realored 
sm  to  their  primitiTe  Mate,  ao  that  thej  became  aa  aerrioeable  ea  ever.  He  even  teok 


>r  the  Dnuh  erabaaar  to  China,  1794— 5.  L«n.  1798.  ii,  78,  and 
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ri*e  ftre  directed  tow&rds  tKe  centre,  where  their  force  is  expended  against 
aach  other.  Dyers,  brewery  distillers,  Sec.  are  well  aware  of  this  fact. 
The  remote  ancieuta  had  therefore  observed  the  inefficiency  of  straight 
sided  bailers,  and  applied  a  siniple  and  be&utiiul  remedy ;  one  whch  waa 
possibly  suggested  by  the  previous  uae  of  natural  vessels,  as  the  gourd, 
ice.  This  IS  no  mean  proof  of  their  sagaci^,  and  of  the  early  progress  of 
the  arts  of  founding  and  moulding.  From  the  extreme  antiquity  of  these 
cauldrons,  it  is  not  improbable  that  their  form  is  similar  to  the  pattern, 
which  Tiibal-Cain  himself  used,  and  which  he  taught  hispapils  to  imitate. 
Similar  vessels  are  found  in  the  workshops  of  Vulcan.  See  plate  20, 
Paindng,  in  D'Agincourt's  Storia  Detl'Arte,  Prate,  IS27.  Brasen  caul- 
drons were  formerly  considered  suitable  presents  for  kings — rewards  of 
valor — priies  in  the  games,  &c.  Of  the  giAa  offered  l^  Agamemnon  to 
to  appease  the  wnUh  of  AchiUes,  were— 

Seven  trjpodi,  nerer  MiUied  jat  b;  fire ; 

Of  gold,  tern  talents;  twektt  cadIdboxs  brigfaL" 

Rud,  iz,  150.     Cou^tr. 
They  were  among  the  goods  which  Friom  took  to  redeem  the  body  of 
Hector. 

Ha  also  took  ten  talenta  failb  of  goM, 

All  wsigbad ;  two  aplendid  tripods ;  cadlokosi  fimr ; 

And  bAoi  Ibass  a  cop  of  matchless  worth.    A.  nrr.  JBU. 

The  prizes  at  the  funeral  games  on  the  death  of  Patrocles,  were^ 
'  C^aeions  oinuwoss,  tripods  bright,' 
In  the  17th  century,  they  were  considered  suitable  presents  to  a  Persian 
Emip^"  At  length  he  came,  and  waa  presented  by  the  caravan-Bashi 
with  a  piece  of  satin,  half  a  piece  of  scarlet  cloth,  and   two  large  copper 
cauldrons."     Tavemier's  Trav.  Lon.  1678.  61. 

These  unobtrusive  veuels  are  now  used  without  exciting  a  thought  of 
their  worth,  or  of  the  ingenuity  of  those  to  whom  we  are  indebted  for 
them ;  although  they  have  contributed  infinitely  more  to  the  real  comfort 
and  innocent  gratification  of  man,  than  all  the  splendid  vases  that  were 
ever  made.  These  have  always  had  their  admirers  and  historians.  Vo- 
lumes embellished  with  costly  ilbistralions,  have  been  written  on  their 
forms,  materials,  ^es  and  authors ;  but  no  modem  Hamilton,  has  entered 
the  kitchen  to  record  and  illustrate  the  origin,  improvement,  modifications 
and  various  uses  of  the  caultlron.  This  vessel,  like  a  despised  but  ne- 
cessary attendant,  has  been  the  inseparable  companion  of  man  in  his  pro- 
gress from  barbaiism  to  refinement,  and  has  administered  to  his  necean- 
ties  at  every  st^e:  yet  it  has  ever  been  disregarded,  while  literary  CKU^ 
Htert  have  expaiiatea  in  numerous  treatises  on  the  virtues  of  meats  pre> 
pared  in  it.  Endless  are  the  essays  on  sauces,  but  the  history  of  the  mora 
useful  sauce-pan  is  vet  to  be  written.  An  account  of  this  vessel  and  of 
the  cauldron,  would  place  in  a  very  novel  and  instructive  light,  the  do- 
mestic manners  of  the  world ;  and  an  examination  of  the  various  modes 
of  heatatg  ihe  latter,  would  bring  to  view  many  excellent  devices  for 
economizing  fuel.* 

Vasbs  used  by  oriental  women  to  convey  water  from  public  wells  and 
fountains  for  domestic  purposes,  are  often  referred  to,  by  sacred  and  pro- 
&iie  authors.    Figure  No.  &,  represents  a  female  of  lundostan,  bearing 


Tons  wars  bested  bj  a  rery  mull  pot  of  la 
«  nsed  for  wsat  oT  othar  flieL 
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lentpt  froiD  it     Isii 
fsaeU  on  their  head; 
Old  Tastament.     Homer, 


males  thus  occupied.     When 

-  Tbe  bandniBidB  for 
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one,  tbe  shape  of  which,  clooely  reaemfales  iho 
gourd  with  the  ne^  removed.  This  is  their  ge- 
neral form  throughout  the  east.  The  Hiodoos, 
have  them  of  copper  or  brass,  as  well  aa  of  eartli- 
enware,  hut  they  are  all  shaped  alike.  This  is 
not  a  little  singular,  because  a  deviation  from  a 
globular  to  a  cyliodrical  form,  would  enable  their 
mechanics  to  make  l&Ote  of  metal  at  much  leai 
expense.  They  therefore  adhere  to  the  pri- 
mitive model,  because  of  its  superiority  ovet 
Others,  or  from  thai  adhesion  to  ancient  customs 
which  forms  so  prominent  a  feature  in  Asiatic 
character.  In  the  early  ages  it  was  the  univei^ 
sal  custom  for  young  women  to  draw  water. 
The  daughters  of  pruices  and  chief  men,  were 
presented  with  wa- 
irestutg  examples  in  the 
;ht  be  expected,  frequently  introduces  fe- 
itertained  Telemacnus,  he  bade 


mid 


And  limpi 
And  again  at  Ithaca ; 

Witb  dnteoai  bsale  a  bevj  fiur. 

Of  IWSD^  viigiiu  lo  ibe  spring  repair : 


from  the  liiing  ipring.     Oif.  iii,  5U.  Pop*. 


Fountains  and  wella  became  tbe  ordinary  places  of  assembly  for  young 
people — especially,  "at  the  time  of  the  evening,  the  tirce  that  women  ^ 
out  to  draw  water."  Gen.  xxiv,  11.  Several  of  the  Patriarchs  first  be- 
held their  future  wives  on  these  occasions  ;  and  were  doubtless  as  much 
captivated  by  their  industry  and  benevolent  dispositions  in  relieving  the 
wants  of  strangers  and  travelers,  as  by  their  personal  charms.     It  was 

Bswde  ■  cluyatal  Hpring — 

diat  Ulysses  met  the  daughter  of  Anciphates.  Travelers  have  oi^n  no- 
ticed (he  singular  tact  with  which  Asiatic  women  balance  several  of  these 
water  \ycna  on  their  heads  without  once  touching  them  with  their  hands. 
"  The  finest  dames  of  the  Gentixis  disdained  not  to  carry  water  on  their 
heads,  with  sometimes  two  or  thrte  earthen  pots  over  one  another,  for  house- 
hold service ;  the  like  do  all  the  women  of  the  Gentiles."  .  Fryer's  Trav. 
117.  At  one  of  their  religious  festivals,  Hindoo  women,  "  have  a  custom 
of  d^mcing  with  several  pots  of  water  on  their  heads,  placed  one  above 
another."     Sonneral,  i,  150. 

A  very  pleaainj*  instance  of  female  dexterity  in  cairylng  water,  is  re- 
corded by  Herodotus,  v,  IS.  As  Darius,  king  of  Persia,  was  sitting  pub- 
licly in  one  of  the  streets  of  Sardis,  he  observed  a  yoimg  woman  of  grea£ 
elegance  and  beauty,  bearing  a  vessel  on  her  head,  leading  a  borae  by  a 
bridle  fastened  round  her  arm,  and  at  the  same  time  spinning  some  thread. 
Darius  viewed  her  as  she  passed,  with  attentive  curiosity,  observing  ibat 
lier  employments  were  not  those  of  a  Persian,  Lydion,  nor  indeed  of  any 
Asiatic  female  ;  prompted  by  what  be  had  seen,  he  sent  some  of  his  at- 
tendants to  observe  what  she  did  with  the  horse.  They  accordingly  fol- 
lowed ber— When  she  came  to  the  river,  she  gave  the  horse  some  water 
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and  then  filled  hoc  futcher :  having  done  this,  the  returned  by  the  way 
ahe  came,  with  the  pitcher  of  water  on  her  head,  the  horse  fastened  by  a 
bricBe  to  her  arm,  and  as  before,  employed  in  apinniog. 

Indostrioua  labor  is  an  ornament  to  every  young  woman — Indeed  nei- 
tiwi"  the  symmetry  of  her  person,  nor  the  vigor  of  her  mitid,  can  be  per- 
fectly develooed  without  it.  The  fine  forms  and  glowing  health  of  the 
women  of  da,  were  chieSy  owing  to  their  temperate  modes  of  living, 
their  induitrioua  habits,  and  the  exercise  they  took  in  the  open  air. 

A  circumstance  recorded  in  the  history  of  the  Egyptians, 
accounts  for  the  pecuharformnf  one  of  their  favorite  ves- 
sels, the  Canopiu;  the  annexed  figure  of  which,  is  taken 
Irom  the  '  History  of  the  ancient  people  of  Italy,'  plate  37. 
It  was  named  after  one  of  their  deities,  who  became  &• 
mous  on  account  of  a  victory  witich  he  obtained  over 
the  Chaldean  deity,  FrsE; — Uie  stary  of  which  exhibits 
no  small  degree  of  ingenuity  in  a  priest,  and  it  affords  a 
fair  specimen  of  the  miracles  by  which  people  v/ere  de- 
luded in  remote  times.  The  Chaldeans  boasted,  as  they 
justly  mi^ht,  of  the  unlimited  power  of  theic  god,  and 
diey  carried  him  about  to  combat  with  those  of  other 
provinces,  all  which  he  easily  overcame  and  destroyed, 
for  none  of  their  images  were  able  to  resist  the  force  oi  _fire  ! — At  length 
a  shrewd  priest  of  Canopua,  devised  this  artifice  and  challenged  the  Chal- 
deans tA  a  trial.  He  took  an  earthen  jar,  in  th^  bottom  and  sides  of 
which  he  drilled  a  great  number  of  small  holes ; — these  he  stopt  up  with 
wax,  and  then  fillea  the  jar  with  water  :  he  secured  the  head  of  an  old 
image  upon  it,  and  having  painted  and  suffioiendy  disguised  it,  brought 
it  forth  as  the  god  Canopus !  In  the  conflict  with  the  Chaldean  Deity 
the  wax  was  soon  melted  by  the  latter,  when  the  water  rushed  out  of  the 
holes,  and  quickly  extinguidied  the  (lames.  Univ.  Hist,  i,  206.  In  me- 
mory of  this  victoiy,  vessels  resembling  the  figure  of  the  god  used  on 
this  occasion  became  common.  Dr.  Shaw  gives  the  figure  ot  one  which 
he  brought  with  him  from  Egypt.  Tray.  425.  See  Hontfaucoo,  tom.  il, 
liv.  i,  cap.  18.  A  figure  of  one  throwing  out  water  from  numerous  holes 
on  eveiy  side  is  also  given.  Tom.  ii,  liv.  lii. 

A  somewhat  similar  case  of  supentitioin  in  die  middle  ages,  is  quoted 
by  Bayle  from  Baronius  ;  being  a  trial  of  the  virtue  in  the  bones  of  two 
saints ;  or  rather  a  contest  of  priestly  skill.  Bt.  MarttH'*  relics  being 
carried  over  all  France  came  to  Auxerre,  and  were  deposited  in  the 
church  of  St.  Germain,  where  they  wrought  several  miracles.  The 
priests  of  the  Utter  considered  him  as  greu  a  saint  as  the  former ;  they 
therefore  demanded  one  h^f  of  the  receipts,  "  which  were  considerable;" 
but  Martin's  priests  contended  that  it  was  his  peUcs  that  performfd  all 
the  miracles,  and  therefore  oU  the  gii^  belonged  to  them.  To  prove 
this,  they  proposed  that  a  sick  person  should  be  put  between  the  shrines 
of  the  saints,  to  ascertain  which  performed  the  cure.  They  therefore 
laid  a  leper  lietween  them,  and  he  was  healed  on  that  side  which  was 
next  to  St.  Martin's  hones,  and  not  on  the  other !  the  sick  man  then  very 
naturally  turned  his  other  side,  and  was  instandy  healed  on  that  also ! 
Cardinal  Baronius  in  commenting  on  this  result,  seriously  observes,  that 
St.  Germain  was  as  great  a  saint  as  Sl  Haitiu,  but  that  as  the  tatter  had 
done  him  the  yanor  ^a  otnf,  he  suspended  the  influence  he  had  with 
GroA,  to  do  his  gveH  the  greatest  honor  1  The  custom  of  having  patron 
sunts  or  gods  was  universal  among  the  ancient  heathen ;  and  the  same  sys- 
tem was  carried  by  half  pagan  christians  of  the  daHt  ages  to  an  incredible 
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extent  Ecclesiastics  peddlad  the  country,  like  idnennt  jugglers,  with 
sacks  of  bones  and  other  relics  from  the  chuTiel  house — the  preieadeil 
virtues  at  which,  thej'  sold  to  the  deluded  multitude  as  in  die  a)>ove  ioi 


CHAPTER      IV. 

Oh  Wsu.»-WiiUr  oh  of  Uib  flnt  utitKto  of  udaU  haibudm»— Lot— Weill  ittan  Ilia  driiifa— 
IH(ttBf  Ihaa  Iknafh  nek  HbH^iHU  to  tba  ua  of  DauU— An  of  Mffiag  lliaiB  cacHoil  ts  (nil  psr- 
IketkmbrthaAilHlk*— MedaraBtlbodi^BaUaf  Ihaa  In  loeaa  Mibdartred  hoK  Ika  Eut— Walte 
oftaB  Iba  kadli  of  citiaa— Flints  walli  aaataa  at  oU— Fablk  waUi  liAxaJ  by  BudHli— Walta  ua- 
manHU  in  Giww— laPodneod  Ibara  br  Piaaai  racM  oomKUil  with  Ibea  la  tha  utjtliotogie  fat— 
Fanim  —bMadofi  to  Alhai  and  LaeadaiHia  thnnra  inUtivalli — PbiAlcUii,€>Jiliafaiii3a  uARoBiaD 
walla  eiunt—Cmmi  ud  PoDiiaT'i  kmrladri  of  maklif  valli  sBEblsd  cbim  u  Ecnqaar-^ii}'  gf 
T  dintnc  a  wdl—Walli  In  CUaa,  Panla,  PiluUiui,  lacUa,  ud  Tvrtay— Cinvn 
if  tnTilsn  ftm  ihlnl— AS^tisf  aecoiuil  IVim  !.»  Atriaavji~-Mr.  Bnca  la 
111  for  walap-CuraTU  ol  MPS  pmaoi  mai  ISOO 


As  the  human  &raily  multiplied,  its  membera  necessarily  kept  extend' 
ing  themselves  more  and  more  from  their  first  abode  ;  and  in  searching 
for  suitable  locations  the  prospect  of  obtaining;  water  would  necesearily  ex- 
ert a  controlling  inUuence  in  their  decisions.  An  example  of  this,  in  later 
times,  is  given  by  Moses  in  the  case  of  Abraham  and  LoL  The  land 
was  too  much  crowded  by  their  families  and  flocks,  "  so  that  they  coald 
not  dwell  together,"  and  when  they  had  concluded  to  separate.  Lot 
selected  the  plain  of  Jordan,  because  "it  was  wd!  watered  eve  17  where." 
Gen.  xiii,  10.  In  the  figurative  language  of  the  East,  "Lot  lifted  up  his 
eyes  and  beheld  all  the  plain  of  Jordan ;"  in  plain  English,  he  went  and 
carefully  examined  it.  When  thus  extending  themselves,  the  early  in- 
habitants of  the  world,  would  frequently  meet  with  locations  every  way 
adapted  to  their  wants  with  the  single  exception  of  water ;  circumstances, 
which  necessarily  must  have  excited  their  iogenuity  in  devising  means 
to  obtain  it 

At  what  period  of  mans'  history  he  first  had  recourse  to  wells,  we 
have  no  account;  nor  of  the  circumstanoea  which  led  him  topene&ale  the 
earth,  in  search  of  water.  Wells,  we  have  no  doubt,  are  of  antediluvian 
origin,  and  the  knowledge  of  them,  like  that  of  the  primitive  arts,  has 
been  preserved  by  uninterrupted  use  from  the  period  of  their  first  dis- 
covery. At  first,  they  were  probably  nothing  more  than  shallow  cavities 
dug  in  moist  places ;  and  theur  depth  occasionally  increased,  in  order  to 
contain  the  twrfaee  water  that  might  drain  into  them  within  certain  inters 
vals  of  time  ;  a  mode  of  obtaining  it  still  practised  among  barbarous  peo- 
ple. The  wells  of  Latakoo,  described  by  Mr.  Campbell,  in  his  "  Travels 
in  South  Africa,"  were  of  this  description.  They  were  but  two  feet 
deep  and  were  emptied  every  morning.  The  people  of  New  Holland, 
the  most  wretched  and  ignorant  of  our  species,  had  similar  excavarions, 
at  which  Dampier,  when  on  the  coast  in  1688,  obtained  a  supply  for  .his 
ships.  He  says,  "  we  filled  our  barrels  with  water  at  wells  which  had  been 
dug  by  the  natives."  Bumey's  Voy.  iv,  260.  Wells  are  also  conuected 
with  the  superstitions  of  the  New  Zealaudere ;  and  the  Radack  Islanders, 
when  discovered  by  Kotzebue,  had  pits  or  square  wells,  which  they  had 
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dug  for  water.  Kotzebne's  Voy.  ii,  26,  66,  and  iu,  145,  S23.  The  fredi 
w«ter  which  CoIumbuB  fonnd  in  the  huts  belongiDg-  to  the  Indians  of 
Cuba,  was  probably  obtained  from  similu'  wells ;  but  which  the  Span- 
iards, who  found  none  but  salt  water,  wero  unable  to  discover.  Pertoiial 
Nar.  of  CW«n.  67.  BotUM,  1827. 

These  simple  excavationi  would  naturally  be  multiplied  and  their 
dimensions  enlarged  aa  far  as  the  limited  meatu  of  man,  in  the  early  ages, 
would  permit,  and  his  increasing  wants  require.  But  when  the  discovery 
of  the  metals  took  place,  (in  the  seventh  generation  from  the  first  pair,  ac- 
cording to  both  Moses  aiid  Ssnchoniathon,)  the  di^h  of  wells  would  no 
longer  be  arrested  by  rocks,  nor  their  construction  limited  to  locBbons 
^vhere  these  did  not  occur.  From  very  ancient  wells  which  still  remain, 
it  is  certain,  that  at  a  time  long  anterior  to  the  commencement  of  history, 
the  knowledge  of  procuring  water  by  means  of  diem,  was  well  under- 
stood, perhaps,  equally  so  as  at  presenL  On  this  supposition  only,  can  we 
reconcile  the  selection  of  locabona  for  them  composed  whoUy  of  rock. 
Some  of  the  oldest  wells  known  are  dug  entirely  through  that  material, 
and  to  a  prodigious  depth. 

Man's  ingenui^  was,  perhaps,  first  exercised  in  procuring  water; 
and  it  is  not  improbable,  that  the  art  of  constructing  wells  was  more 
rapidly  carried  to  perfection  than  any  other.  The  phyucal  character  of 
central  Asia,  its  climate,  umrersal  dniciency  of  water,  its  swarms  of  in- 
habitants, and  their  pastoral,  and  agricultural  pursuits,  would  necessarily 
contribute  to  this  result.  The  Abbe  Fleury,  in  hia  "  Manners  of  the  An* 
cieot  Israehtes,"  justly  observes,  "  their  numerous  herds  of  cattle  necessa- 
rily induced  them  to  set  a  ver^  high  value  on  their  wells  snd  cisterns ;  and 
more  especially  as  they  occupied  a  country  where  there  was  no  river  but 
Jordan,  and  where  run  seldom  fell."  Chap.  iiL  In  no  odier  part  of  the 
TTorld,  even  in  modem  times,  has  more  science  been  evinced,  or  mechani- 
cal skill  displayed  in  penetrating  the  earth,  than  is  exhibited  in  some  of  the 
ancient  wells  of  the  east ;  and  tt  is  to  their  authors,  that  we  are  indebted 
for  the  only  known  method  of  «oking  wells  of  great  depth,  throng  If^ose 
scnls  and  quicksands,  viz  :  by  first  constructiDg  a  cm'b,  (of  stone,  brick, 
&c.)  wrhich  settles  as  the  excavation  is  deepened,  and  thereby  resists  the 
pressure  of  the  surrounding  soiL 

*  Wells  are  mentioned  by  Moses,  as  in  contmon  swe  among  the  ancient 
Canaaniies;  some  of  which  at  that  remote  age  adjoined  roads,  for  the  be- 
nefit of  travelers  and  the  public  at  large.  Indeed,  all  people  who  have  had 
recourse  to  wells,  have  consecrated  some  of  them  to  the  convenience  of 
strangers  and  travelers.  The  first  weUs  were  probably  all  of  this  descrip- 
tion. Most  of  those  mentioned  in  history  were  certainly  such.  At  one  of 
these,  HogsT  rested  and  refreshed  herself,  when  she  fiea  from  the  ill  Q«at- 
ment  of  Sarah.  And  itwas"by  the  wav"  of  this  well,  that  Isaac  was  going 
when  he  first  met  with  Rebecca.  Ana  we  leamfrom  Gen.  xxv,  11,  that 
he  subsequently  took  up  bis  abode  near  it ;  a  custom  by  which  wells 
frequently  became  nuclei  of  ancient  cities.  Jacob's  well  is  an  example, 
if  really  dug  by  him.  When  that  patriarch  and  his  family  drank  of  its 
waters,  few  dwellings  were  near  it;  (G«q.  xxiii,  19;)  but, before  the  time 
of  Alexander,  these  nod  so  far  increased,  as  with  ihe  ancient  Shalem,  to 
form  the  coital  city  of  Samaria.  And  600  years  before  Alexander's  con- 
quest of  Judea,  Jeroboam  when  he  governed  the  ten  tribes  had  a  palace 
in  the  vicinity  of  this  welL  Josephus,  Antiq.  viii,  3.  "  Tadmor  in  the  wil- 
derness," or  Palmyra,  otie  of  the  most  splendid  cities  of  the  old  world, 
was  built  by  Solomon  (2  Chron.  viii,  4,]  in  the  Syrian  desert,  and  its  loca- 
don  determined  according  to  Josephus,  (Antiq.  viii,  6,)  "beca>ua  at  that 
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place  only  there  are  springa  and  pita  (weIlB)of  wster."  Fliny  ntakes  ibe 
■ame  remark,  and  speaks  of  its  "abundance  of  water."  NaL  Hio.  v,  25. 
Bonnim,  in  hia  '  Syracuse  Antdcbi,'  remarks  that  moat  of  the  SicUisji  citiea 
took  their  namea  from  the  fauntaina  they  were  near,  or  the  rivers  they 
bordered  upon.  The  deep  well  in  the  Cumeui  Sybil's  cave,  gave  its  name 
.hUybe,  both  to  the  cape  and  town  near  it.  Breval's  Remarks  on  Europe,  10 
and  39.  The  same  may  be  aaid  of  other  European  citiea.  Bath  in  Eng- 
land derived  its  name  from  the  apringa  near  it.  It  was  named  Caei-Badon, 
or  the  place  of  baths,  before  die  Roman  invaaion.  The  city  of  Wells, 
also,  was  named  after  the  wella  of  water  near  it,  especially  the  one  now 
known  aa  St.  Andrew's  WelL  Lewia'a  Topographical  Dicuonaty.  Many 
others  might  be  named. 

Private  wells  were,  however,  very  common  in  ancient  tunes.  Abraham 
wd  Isaac  constructed  several  for  the  use  of  their  own  families  and  flocks. 
David's  spies  were  secreted  in  the  well  of  a  private  house.  "  Water 
om  of  thine  own  cistern  and  running  waters  out  of  thine  own  weU,"  is 
the  language  of  Ftoverba,  v,  \5  ;  and  in  the  2d  Book  of  Kings,  xviii,  31, 
we  read  ol"  every  one  drinking  water  out  his  of  own  cistern;"  or^  aa  it 
is  in  die  margin ;  a  term  of^n  uaed  by  eaatem  writers,  synonymously  with 
welL  In  the  plans  of  private  honsea  at  Kamac,  it  appears  that  the  ancient 
Egyptians  arranged  their  bouses  and  courtyards  (Grande  Detcr^tum, 
torn,  iii,  Planche  xvi,)  in  a.  manner  vory  simikr  to  those  of  the  Komaos, 
u  seen  at  Pompeii,  and  like  these,  each  house  was  generally  fumiahed 
with  a,  round  well  and  an  oblong  miera  Lardner's  Arts  of  the  Greeks 
and  Komans,  i,  44.  "  If  I  knew  a  man  incurably  thankless,"  says  Seneca, 
"  I  would  yet  be  so  kind  aa  to  put  bim  on  his  way,  to  let  him  ^K^^  ^  (^>ui- 
dleat  mine,  or  draw  water  at  my  well."  Seneca  on  Benefits;  L'Sstrange's 
Trans.  The  story  of  Apono,  an  Italian  pbilosopher,  and  reputed  magi- 
cian, of  the  13th  century,  indicates  that  almost  every  house  nad  a  well. 
He,  however,  had  not  one,  or  it  was  dry,  and  his  nei^bor  having  refused 
to  let  his  maid  draw  water  from  his  well,  Apooo,  it  was  said,  by  hia 
maffic  caused  it  through  revenge  to  be  carried  off  by  devils.  BayU. 

t  wells  of  extreme  antiquity  are  still  to  be  seen  in  Egypt. 


Tim  iS^  notices  several.  Besides  those  in  some  of  the  pyramids,  there  are 
others  which  are  probably  aa  old  as  those  structures.  Mr.  Wilkinson  men- 
bons  one  (Mor  die  pyramids  of  Creezer.  An.  Egyp.  vol.  iii.  Among  the 
ruins  of  Nineveh,  a  city  whoae  fbundadons  were  laid  by  Ashur,  the  son 
of  an  antediluvian,  is  a  remarkable  well,  which  supplies  the  peasants  of 
tbe  vicinity  with  water,  and  who  attribute  to  it  many  virtues.'  Captain 
Zticb  named  it  ThUb^t  WelL  The  immediate  successors  of  that  Phsraob 
who  patronized  Joseph  erected  stations  to  command  the  wells,  (which  were 
previously  in  use,  and  probably  had  been  for  ages,)  at  Wadw  Jatoiu,  and 
these  same  wells  still  supply  the  port  of  Philoteras  or  ^nnuni,  on  the  Ked 
Sea,  with  water,  as  ihev  did  four  thousand  years  ago.^ 

The  building  of  stations  to  protect  wells  was  common  in  ancient  times, 
on  account  of  robbers  laying  in  wait  near  them.  There  Is  an  allusion  to 
this  in  Judges,  "They  are  delivered  from  tbe  noise  of  archers  in  the  places 
of  drawing  water."  Chap,  v,  11.  It  was  at  the  public  fountains  that  the 
Pelasgi  atUcked  tbe  Athenian  women.  Near  the  ruins  of  an  Egyptian 
Temple  at  Wady  El  Mecah,  is  an  enclosure,  in  tbe  centre  of  which  is  a 
well.  "All  round  the  well  there  is  a  platform  or  gallery  raised  six  feet, 
cat  which  a  guard  of  soldiers  might  walk  all  round.     In  the  upper  part 

■Narntiv*  or  •  reiiileiw»  in  Eoordistan,  and  on  tbe  site  of  ancient  Hinsveh,  hf 
C.  J.  Rich,  Lob.  1836.  VoLii,  96  and  34.    'An.  E«7p.  Voli,  46. 


,Goo»^lc 


Ch^  *.]  Qneitm  Wdk.  9t 

of  dia  wall  areboles  fiu*  ducliarging  amrws."  FMrakeif  For.  Tap.  32S. 
The  custom  of  gnftrding  the  roaila,  especial];  in  dm  vunninr  of  tenka  and 
wellfl,  is  stilt  oommon.  ^^3^^  *"  '^^  TrsTels  in  India,  noticed  it.  ■ "  Wo 
found  them  in  arms,  iiot  suffering  their  women  to  stir  oat  of  the  town  iw- 
gouded,  to  fetch  water."  Page  126,  322.  In  Shaw's  Travels  in  Mauii- 
tania,  he  notioed  a  beautifiil  rill  of  water,  which  flowed  into  a  baain  of 
Roman  workmanship,  named  '  Skmb  we  &itb'  i.  e.  "drink  and  be  off," 
on  account  of  the  dancrer  of  meeting  usaasas  in  its  vioini^.  Sandys 
speaks  of  the  "  walls  of  fear."     Tnvets,  p.  140. 

In  anoieilt  Greece,  wells  were  very  numeroua.  The  iahabitanU  of 
Atdea  were  rapplied  with  water  piincipally  from  them.  Vitruyius  re- 
marks, that  the  other  'water  wbioh  they  had,  was  of  bad  quality.  B.  viti^ 
Chap.  3.  Plutarch  has  preserred  some  of  the  laws  of  Solon  respecting 
welu.  By  these  it  was  enacted  that  all  persons  who  lired  widun  finu* 
fuijongs  of  a^DtUtc  well,  had  liberty  to  use  it;  bat  when  the  distance  wu 
greater,  they  were  to  dig  one  Ibr  themselves ;  and  they  were  requir- 
'  )  dig  at  least  ux  feet  irom  their  neighbor's  ground.  Life  of  Solon. 
"  g  to  Pliny,  Danaus  sank  the  firat  wells  in  Greece.  Nat.  His. 
Plutarch,  in  his  life  of  Cimon,  sa^  the  Adienians  taught  the  ran 
of  the  Greeks  "  to  sow  bread  com,  to  avail  themselves  of  the  nse  of  weUs, 
and  of  the  benefit  of  fire  "  From  the  connection  in  which  wells  are  here 
mentioned,  it  is  evident,  that  in  the  opinion  of  the  ancient  Greeks,  th^ 
were  among  the  first  of  man's  inventions  ;  and  hence  the  antiijuity  of  de- 
vices to  raise  water  from  them.  In  die  mythologic  ages,  die  labor  of  tai«- 
ing  water  out  of  deep  wella  was  imposed  as  a  punishment  on  the  daugh- 
ters of  Danaus,  for  the  murder  of  their  husbands.  The  daughters  of  Pkte- 
don  (who  was  put  to  death  by  the  thirty  tynnts)  threw  themselves  into  a 
well,  preferring  death  to  dishonor.  The  body  of  ChrysippoB,  son  of 
Pelops,  was  disposed  of  in  the  same  way,  after  being  murdered  by  hit 
brothen,  or  his  step-mother.  When  Danus  sent  two  heralds  to  demand 
earth  and  water  of  the  Athenians,  (the  giving  of  which  was  an  acknow- 
ledgment of  subjection,)  they  threw  one  otthem  into  a  ditch,  at^  die 
odter  into  a  will,  telling  them  in  mockery  to  take  what  they  came  for. 
Plutarch.  And  Herodotus  informs  as,  that  the  Lacedemonians  treated  die 
Persian  ambassadors,  who  were  sent  to  them  on  the  same  errand,  in  pre- 
cisely die  same  maimer.  Herod,  b.  viii.  133.  These  brutal  tots  led  to 
die  invasion  of  Greece  by  Xerxes. 

Shordy  after  Alexander's  death,  Perdiecas  and  Roxona  murdered  Statire 
ajid  her  sisters,  and  had  their  bodies  thrown  into  a  well.  Hence,  wells 
were  probably  common  in  Babylon  as  well  as  in  Nineveh ;  for  this  was 
most  likely  a  private  one ;  a  public  one  would  scarcely  have  been  select- 
ed, where  concealment  was  required.  Sir  R.  K.  Porter,  in  his  Travels  in 
Georgia,  Persia,  Armenia,  and  ancient  Babylon,  Vol.  i.  698,  speaks  of  die 
remains  of  an  ancient  and  "amazing  deep  well,"  near  Shiraz.  Remains 
of  Phenician  and  Carthagenian  welts  are  Rill  to  be  s^n.  Near  the  ancient 
Barca,  Delia  Celta  discovered  "welb  of  great  depth,  some  of  which  still 
afford  most  excellent  water."*  At  Arar,  are  others,  some  of  which  are 
excavated  through  rocks  of  sandstone.  At  Anew,  the  ancient  Artenaria, 
Dr.  Shaw  observed  a  number  of  wells,  "which  from  the  masonry  appear 
to  t>e  as  old  as  the  city."'*  Ttie  celebrated  fountain  of  the  sun  of  the  an- 
cients, near  the  temple  of  Jupiter  Ammon,  according  to  Belzoni,  is 
a  WELL  KKty  feet  deep,   and  eight    feet   square.      (In  this   case  and 
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Dumerooi  othen,  the  terau  "well"  and  "fountuD,"  are  ayaaayaKma, 
"  The  foltowing  is  among  die  fint  i>bRervadans  of  Sir  William  Oel), 
after  landing;  on  the  Troad;  "we  past  many  wells  on  the  road,  a 
proof  that  ue  cotintry  was  once  more  populous  than  atpresent.*  The 
uthabilants  of  Ithaca,  the  birth  place  of  Ulysses  and  lelemachus,  and 
the  scene  of  some  of  die  principal  events  recorded  in  the  poetty  of 
Homer,  stilt  draw  their  supplies  of  water,  as  in  former  times,  from  wells.'' 
And  as  in  other  places,  a  tower  was  aiuMently  erected  to  guard  one  of 
these  wells,  andprotect  the  inhalntaQts  while  drawing  water  from  iu* 

The  ancient  Egyptians  irrigated  the  borders  of  the  desert  above  the 
r«ach  of  the  inundations  of  the  Nile, ./rvm  wells,  which  they  dug  for  that 
pumose.''     The  Chinese  also  use  wells  lo  water  their  land. 

As  it  regards  the  antiquity  and  importaooe  of  wells,  it  has  been  observed 
that  the  earliest  account  on  record  of  the  purehate  of  land,  23  Gen.  was 
subsequent  to  that  of  a  well,  Q«n,  xxi,  30. 

Roman  wells  are  found  in  every  country  which  that  people  cooqaered. 
Their  armies  had  constant  recourse  to  them,  when  other  sources  ot  water 
luled,  or  were  cut  off  by  their  enemies.  Panlus  Emihus,  Pompey,  aiidC» 


sar,  often  preserved  their  troops  from  destruction  by  having  recourse  to  them. 
Thiawasstnkingly  illustrated  by  CcBsar  when  besieged  in  Alexandria;  the 
water  in  the  cisterns  having  been  spoiled  by  the  Egyptians.  It  was  Fom- 
pey's  superior  knowledge  m  thus  obtaining  water,  which  enabled  him  to 
overthrow  Mithridates,  by  retaining  possession  of  an  important  post, 
which  the  tatter  abandoned  ibr  want  of  water.  Thus  the  destinies  of 
tfaese  roanslayers  and  their  armies,  frequently  depended  on  the  wells 
which  diey  made. 

The  city  of  Some,  previous  to  the  time  of  Appius  Claudius  Csecus,  who 
firstconveyedwatertoit  by  an  aqueduct,  A.  U.  C.  411,  was  supplied  chiefly 
from  fountains  and  wells,  several  tit  which  are  preserved  to  uus  day.  (At 
Chartres  in  France,  a  Roman  well  b  still  known  as  the  '  Sunts'  Well,'  on 
account  of  mar^n  drowned  in  it  by  the  Romans.) 

In  noticing  the  -wells  of  ancient  Italy,  we  may  refer  to  a  circumstance, 
vrhich  although  trivial  in  itself,  led  to  the  most  surprising  discovery  that 
had  ever  taken  place  on  this  globe,  and  one  which  in  the  interest  it  has 
excited  is  unexampled.  In  the  early  part  of  the  eighteenth  century,  1711, 
an  Italian  peasant  while  digging  a  well  near  hia  cottage,  found  some 
fragments  of  colored  marble.  These  attiactinjg  attention,  led  to  further  ex- 
cavation, when  a  statue  of  Hercules  was  disinterred,  and  shortly  after- 
wards a  mutUated  one  of  Cleopatra.  These  specimens  of  ancient  art, 
v/eiB  found  at  a  considerable  depth  below  the  surface,  and  in  a  place 
which  subsequently  proved  to  be  a  temple  situated  in  the  centre  of  the 
ancient  city  of  Herculoneum !  This  ciLy  was  overwhelmed  with  ashes 
and  lava,  during  an  eruption  of  Vesuvius,  A.  D.  79,  l>eing  the  same  in 
which  the  elder  Fliny  perished,  who  was  suffocated  with  sulphurous  va- 
pors, like  Lot's  wife,  in  a  similar  calamity.  Herculaneum  therefore  hod 
Deen  buried  1630  years  !  and  while  every  memorial  of  it  was  lost,  and 
even  the  aite  unknown,  it  was  thus  suddenly,  by  a  resurrection  then 
unparalleled  in  the  annals  of  the  world,  brought  again  to  light ;  and 
Streets,  temples,  houses,  statues,  paintings,  jewellery,  professions!  imple- 
ments, kitchen  utensils,  and  other  articles  connected  with  ancient  domestic 
life,  were  to  be  seen  arr«nged,  as  when  their  ovraers  were  actively  tnov- 
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utg  mmong  them.  Even  the  •keletona  of  some  of  die  inhabitants  were 
found  ;  one,  near  the  tbreshold  of  his  door,  with  a  bag-  of  money  in  his 
hand,  and  apparentlv  in  the  HCt  of  escaping. 

The  light  which  mis  important  discoveiy  reflected  npon  nnmerons  lub- 
jects  connected  with  the  ancienta,  has  greatlT  eclipsed  all  previous  tow 
COS  of  informauon ;  and  as  regards  some  of  the  arts  of  the  Romans,  the 
informatioii  thus  obtained,  mavbe  considered  almost  as  full  andsaUEfactoiT, 
as  if  one  of  their  mechanics  uad  risen  from  the  deed  and  described  them. 

Amon^  the  early  discoveries  made  in  this  taty  of  Hercules,  (it  havii^ 
been  founded  by,  or  in  honor  of  him,  1250,  B.  C.)  not  the  least  interesdne 
is  one  of  iu  public  welts ;  which  having  been  covered  by  an  arch  and 
surrounded  by  a  curb,  the  ashes  were  excluded.  PhiL  Trans,  xlvii, 
151.  Thia  well  was  found  in  a  high  state  of  preaervation— it  still  con- 
tains excellent  water,  and  is  in  the  same  condition  as  when  the  last  fe- 
males retired  from  it,  bearing  vases  of  its  water  to  dieir  dwellings,  azid 
probably  on  the  evening  thu  preceded  the  calami^,  which  drove  them 
from  it  for  ever.  , 

Forty  years  aAer  the  discovery  of  Hercuhuieum,  another  ciU  orer- 
whelmed  at  the  same  time,  was  "  destined  to  be  the  partner  of  its  dinnter- 
ment,  as  well  as  of  its  bEuial."  This  was  Pompeii,  tbe  very  name  at 
which  had  been  almost  forgottsn.  As  it  lay  at  a  greater  distance  irota 
Vesuvius  than  Herculaneum,  the  stream  of  kva  never  reached  it.  It  wae 
inhumed  by  showers  of  ashes,  pumice  and  stones,  which  formed  a  bed  of 


variable  depth  from  twelve  to  twenty  feet,  and  which  is  easilv  removed; 
whereas  the  former  ci^  was  entombed  in  ashes  andlava  to  tbe  depth  d( 
from  seventy  to  a  han«&ed  feat.     With  the  exception  of  the  upper  storiea 


of  the  houses,  which  wera  eidier  consumed  by  red  hot  stones  ejected  from 
the  volcano,  or  crashed  by  the  weight  of  the  matter  oollectad  on  dieir 
roofs,  we  behold  in  Pompeii  a  flourishing  city  nearly  in  tbe  state  in  whioh 
it  existed  eighteen  centuries  ago  1  The  buildings  unaltered  by  newer 
fashions ;  the  psintingi  undimmed  by  the  leaden  touch  of  time ;  household 
rumiture  left  in  the  confosion  of  use ;  articles  even  of  intrinsic  value 
abandoned  in  the  harry  nf  escape,  yet  safe  from  the  robber,  or  scaoerod 
■boat  as  they  fell  from  the  trembling  hsjid  which  could  not  stoop  or  pauio 
for  the  most  valuable  possessions ;  and  in  some  instances  the  bones  of  the 
inhabitants,  bearing  sad  testimony  to  the  snddenness  and  completeness  of 
die  calamity  which  overwhelmed  them.  Pompeii,  i,  5,  Lib.  Entertaining 
Knowledge.  In  the  prison,  skeletons  of  unfononate  men  were  discov- 
ered, their  leg  bones  being  enclosed  in  shacldes,  and  are  so  preserved  in 
the  mnsenm  at  Pordci. 

I  nodced,  says  M.  Simond,  astriking  memorial  of  this  migh^f  eruptioi^ 
in  the  Forum  opponte  to  the  temple  of  Jn|Hter ;  a  new  utar  of  white 
marble  exquisitely  beautiful,  and  apparendy  just  out  of  the  hands  of  the 
soulptor,  had  been  erected  there ;  an  enclosure  was  building  all  around ; 
the  mortar  just  dashed  a^nst  tiie  side  of  tbe  wall,  was  but  half  spread 
out ;  you  saw  the  long  sliding  stroke  of  tho  trowel  about  to  return  and 
obliterate  its  own  tnak — but  it  never  did  return ;  die  hand  of  the  woi^- 
man  was  suddenly  arrested ;  and,  after  the  lapse  of  1800  years,  the  wh(^ 
looks  so  fresh,  diat  you  would  alnHXt  swear  tbe  mason  was  only  gone  to 
his  dinner,  and  about  to  come  back  immediately  to  finish  his  work ! 
We  can  scarcely  conceive  it  possible  for  an  event  connected  with  the  artt 
of  former  ages,  ever  to  happen  in  future  times,  equal  in  interest  to  die  re- 
snrtecdon  of  these  Roman  towns,  unless  it  be  the  re^rpearance  of  tbe 
Pbenician  eides  of  the  plain. 

From  the  facility  of  removing  die  materials  at  Pompeii,  mueh  greaur 
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advanora  btve  been  made  in  nacavBring  die  bnildingB  and  dMiiag  the 
■treets,  than  will  probably  ever  be  acccnopliahed  in  HercaUaeum.  Aa 
mig'ht  have  been  eipected,  leveral  ic«&  have  been  found,  besides  raim 
iMtier  cittenu  and  Jonntaitit  in  great  numbers.  The  latter  were  so  com- 
mon, that  scarcely  a  street  has  been  found  withont  one ;  and  eve^  honae 
was  provided  with  one  or  more  of  the  former. 

During'  the  excavations  immediately  previous  to  die  pnblication  of  Sir 
Wra.  Gell's  splendid  work,  '  Fompeiana,*  in  1832,  a  very  fine  well  was 
discovered  near  the  gate  of  the  Pantheon,  116  feet  in  depth  and  contain 
Inff  15  feet  of  water!* 

That  wells  were  nomenras  in  Aaia  and  the  east  genetally,  we  can 
readily  believe,  when  we  learn  iliat  some  of  the  moai  fertile  distiicts, 
could  neither  be  cultivated  nor  inhabited  without  them.  Not  less  Aan 
fifty  thousand  welk  were  oounted  in  me  district  of  Hindostan,  when  taken 

EBsenion  of  by  the  British;  several  of  which  are  of  very  high  antiqait;. 
China,  wells  are  nionerous,  and  often  of  iarga  dimensions,  and  er^ 
hned  with  marble.  In  Fekin  they  ore  veir  common,  some  of  die  deepeM 
wells  of  the  world  are  in  this  conntty.  M.  Arago,  (in  his  Essay  on  An»- 
•tan  Wells,)  observes  that  the  Chinese  have  sunk  them  to  the  enonnons 
depth  of  el^teen  hundred  feet !  "  Dig  a  well  before  you  are  thirsTy,"  ia 
one  of  their  ancient  proverbs.  '  The  scarcity  of  water  over  all  Persia  has 
been  noticed  by  every  traveler  in  that  coimtiy.  In  general  the  inhabi> 
tants  depend  endrely  on  Trail*,  the  water  of  which  is  commonly  bad. 
Ffyer,  xsxv,  67. 

To  provide  water  fer  die  thirsty  has  always  been  esteemed  in  the  east, 
one  of  the  most  excellent  of  moral  dudes,  hence  benevolent  princes  and  rich 
men,  have,  ftom  the  remotest  ana,  consecrated  a  poruon  of  their  wealth 
to  the  oonstraotion  of  wells,  tanks,  fountains,  Sui.  for  pabHc  use.  It  is  re- 
corded  as  one  of  the  gkn^s  of  Uzeiah's  reign,  that  he  "digged  many 
welts."  Over  all  Persia,  there'  are  numerous  cisterns  built  for  pablic  ate 
bv  die  rich.  Fryer,  SSG.  "Another  worit  of  charity  among  the  Hindoos" 
oMerves  Mr.  Ward,  "  is  the  digging  of  pools,  to  supply  the  thirsty  Iraveler 
wLdi  water.  Thecntdngof  these,  and  building  flints  of  steps,  in  order  to 
desoend  into  them,  is  in  many  cases  very  expensive;  4,000  rupees,  (2,000 
dollars,)  are  frequendy  expended  an  one."  At  the  ceremony  of  setting  it 
apart  for  public  ose,  a  Brahmin,  in  the  name  of  the  donor,  exclaims,  "  I 
ofler  this  pond  of  water  to  qnench  the  thirst  of  mankind,"  after  which  iIm 
owtter  cannot  appropriate  it  to  his  own  use.     Hist.  Hindoos,  374. 

Ferose,  one  of  the  monarchs  of  India,  in  die  fourteenth  centtny, "  buih 
fifty  sluices"  (to  irrigate  the  land,)  and  "  one  hundred  and  fif^  wells." 
One  of  die  objects,  which  the  fakirs,  or  mendicant  philosophers  of  India, 
have  frequently  in  view,  in  collecting  alms,  is  to  '  dig  a  weU,'  and  thereby 
atone  for  some  particular  sin.  Other  devotees  sund  in  the  roads  wiui 
vessels  of  water,  and  give  drink  to  thirUv  travelers  from  the  same  modres. 
Among  the  supposed  causes  of  Job's  affliction,  adduced  by  Eliphaz,  was, 
"thou  hast  not  given  water  to  the  weary  to  drink,"  xni,  7:  a  most  hor- 
rible accusation  in  such  a  counCiy  as  Syria,  and  one  which  that  ri^teoas 
man  denied  with  the  awftd  imprecation,  "  then  let  mine  arm  fell  from  my 
shoolder  blade,  and  mine  arm  be  broken  from  the  bone."  xxxi,  S8. 

"The  sun  was  setting,"  says  Mr.  Emerson,  "as  wo  descended  the  )aat 
chain,  and  with  the  departure  of  daylight,  our  tortures  commenced,  as  it 
was  too  daik  to  see  any  of  the  fountains  charitably  erected  by  the  Turks 
near  the  road."^    ^^^^S^  legacies  are  somedmei  left  by  pious  Turks  for  the 
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ereotkni  of  fbffiituns,  who  believe  tLey  can  do  no  act  more  acceptable  to 
Qod.*  This  mode  of  expending  their  wecilth,  at  the  Baine  time  that  it 
flonferred  real  and  Uating  benefita  on  the  public,  was  the  surest  way  of 
ttaiumittuig'  to  poateritv  me  names  of  the  donora.  The  pools  of  Solomon, 
mngfat  hare  preserved  nia  name  from  oblivion  had  nothing  else  reEpecting 
him  been  known.  These  noble  acractures,  in  a  land  where  every  other  work. 
of  art  hsB  been  hurried  to  destruction,  remain  almost  as  periect  as  when 
diey  were  constmcled,  and  Jerosalem  is  still  supplied  with  water  from 
them,  by  an  earthen  pipe  about  tec  inches  in  diameter.  "  These  reser- 
vairs  am  really  worthy  of  Solomon;  I  had  formed  no  conception  of  their 
magniHcence ;  they  are  three  in  number,  the  smallest  between  four,  and 
five  hundred  feet  in  length."  The  waters  are  disdiarged  from  one  into 
another,  and  conveyed  from  the  lowest  to  the  city.  "  I  descended  into 
die  third  and  lai^est ;  it  is  lined  with  plaiater  like  the  Indian  chnnan,  and 
hanging  terraces  run  all  round  it."     Lindsay's  Tmv.  Let.  9. 

According  to  the  moral  doctrines  of  the  Chinese,  "to  repur  a  road, 
make  a  bridge,  or  dig  a  well,"  will  atone  for  many  sins.  Davis'  China, 
ii,  89.  The  Hindoos,  says  Sonnerat,  betieve  the  digging-  of  tanks  on  the 
highways,  renders  the  gods  propitious  to  them;  and  he  odds,  "  Is  not  thi« 
the  best  manner  of  honoring  the  deity,  aa  it  contributes  to  the  natural 
good  of  his  oreatmear'  Vol.  1,  94. 

BUFFEXUraS  OF  TBATELER8  FROM  THIRST. 

The  extreme  sofFennes  which  orientals  have  been,  and  are  sbll  called  to 
endure  irom  tbe  want  of  water,  have  been  noticed  by  all  modem  travelers, 
from  Rubriques  and  Marco  Paulo,  to  Burckhardt  and  Niebahr.  Wellsin 
some  routes,  are  a  hundred  miles  apart,  and  ere  sometinies  found  empty  t 
hence  travelers  have  often  been  obliged  to  sW  their  camels'  for  the  wa- 
ter these  animus  retain  in  iheir  stomachs.  £eo  .^frwutau  noticed  two 
marble  monuments  in  his  travels ;  upon  one  of  wbioh  was  an  epitaph, 
recording  the  manner  in  which  those  who  slept  beneath  them  Md  met 
their  doom.  One  was  a  rich  merchant,  (he  other  a  water  earner,  who 
furnished  caravans  with  water  and  provisions.  On  reaohing  this  apo^ 
scorched  by  the  sun  and  their  entrails  tortured  by  the  most  exorudatiBg 
thirst;  there  remuned  but  a  small  quantity  of  water  between  them.  The 
rich  man,  whose  thirst  now  made  him  regard  his  gold  as  dirt,  purchased  a 
single  cup  of  it  for  ten  thousand  ducats ;  but  that  which  possibly  might 
have  been  sufficient  to  save  the  life  of  one  of  them,  beieg  divided  be- 
tween both,  served  only  to  prolong  their  BuiTeringB  for  a  moment,  end  they 
both  sunk  into  that  sleep  from  which  there  is  no  w^dng  upon  eart^ 
Lives  of  Travelers,  by  St.  John. 

Mr.  Bruce,  when  in  Abyssinia,  obtained  water  from  the  stomachs  of 
camels,  which  his  companions  slew  for  that  purpose.  Sometimes  the 
mouths  and  tongues  of  travelers,  from  want  of  this  precious  liquid,  be- 
come dry  and  nard  like  those  of  parrots ;  but  these  are  not  die  only 
people  who  suffer  from  thint.  Dunne  the  long  condnuance  of  a  drought 
which  nrevailed  over  all  Jndea  in  Ahab's  reign,  every  class  of  people 
sufierea.  1  Kings,  xvii  and  xviii.  And  such  droughts  are  not  uncom- 
mon. "  The  poor  and  needy  seek  water,  and  there  is  none,  and  their 
tongue  fuleth  for  thirst,"  (Isa.  xli,  17,)  in  modem  tiroes  as  when  the  pro- 
phet wrote,  uid  not  the  poor  alone,  for  "  the  honorable  men  are  fanush- 
ed,"  and,  as  weU  ai  die  multitude,  are  "dried  up  widi  diirst."  Isa.  v,  13. 

•Coin.  PoRsr*!  Letlsn  fhiin  CMMantinople,  i,  101. 
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Mecluuiics  in  cities  were  not  exempt  "  The  amith  witb  die  tonga,  both 
worketh  in  the  coda  uid  fashioneth  it  with  hanuners,  and  worketh  it  with 
the  strength  of  his  arms,  ie  hungry  uid  his  strength  faileth,  he  drmittAmo 
toater  oxd  itfaiiU."     Isa.  xliv,  12. 

Dr.  Ryers,  who  lived  in  ihe  raty  of  Gombroon,  on  the  PersiBii  Golf, 
when  dewiribing  the  heat  of  the  climate  and  the  deficiency  and  b&d  (juali^ 
of  the  water,  observes  that  the  beat  made  "  the  mountains  gape,  the  rocu 
cleft  in  sunder,  the  waters  stagnate,  to  which  the  birds  with  hanging 
wings  repair  to  quench  their  thirst ;  for  want  of  which  the  herds  Ao  Tow, 
the  camels  cry,  the  barren  earth  opens  wide  for  drink ;  and  all  things  ap> 
pear  calamitous  for  want  of  kindly  moisture ;  in  lien  of  which  hot  olaMs 
of  wind  and  showers  of  sand  iniest  the  purer  air,  and  drive  not  on]y  as; 
but  birds  and  beasts  to  seek  remote  dwellings,  or  else  to  perish  here ;"  and 
after  removing  to  a  village  some  miles  distant,  "  for  the  sake  of  water," 
by  a  metaphor,  that  wiU  ^>pear  to  some  persons  as  bordering  on  bla*- 
phemy,  he  sa^s,  "  it  was  as  welcome  to  our  parched  throats,  as  a  drop  of 
that  cool  liquid,  to  the  importunate  Z)it>ss."  Fryer,  p.  418.  Under  nmilar 
circumstances,  the  Hindoos,  night  and  dav  run  through  the  streets,  eury- 
inff  boards  with  earth  on  their  beads,  ana  loudly  repeating  after  the  Brali- 
mins,  a  prayer,  signifying  "  Ood  give  us  water."  Aven  in  Greece  and 
Rome,  where  water  was  in  comparative  abundance,  agricultural  laboren 
considered  the  Frog  an  object  of  envy,  inasmuch  as  it  had  always 
enough  to  drink  in  the  most  sultry  weather.  Lard.  Arts  Greeks  and  Rom. 
Vol.  li,  20.  The  ignorant  and  clamorous  Isnehtes,  enraged  with  thirst, 
abused  Moses,  and  were  ready  to  stone  him,  becanse  they  had  no  water. 

One  of  the  most  appalling  facts  thai  it  recorded  of  SufTemig  &om  thirst 
occurred  in  ISOfi.  A  caravan  proceeding  from  Timboctoo  to  Talifet,  was 
disappointed,  in.  not  finding  water  at  the  usual  watering  places;  when, 
horrible  to  relate,  all  the  persons  belan|png  to  it,  two  thousand  in  number, 
besides  eighteen  hundred  caineb,  peritiei  by  tHrtt/  Occurrences  like 
this,  account  for  the  vast  quantities  of  human  and  other  bones,  which  an 
found  heaped  together  in  various  parts  of  the  desert.  Wonders  of  the 
World,  p.  846.  While  the  crusaders  besieged  Jerusalem,  gn^  number* 
perished  of  thirst,  for  the  Turks  ha«l  filled  Sio  wells  in  Uie  vicinity.  Me- 
morials of  their  sufferings  may  yet  be  found  in  the  heraldic  bearings  of  their 
descendants.  The  charge  of  a  foraging  party  'for  water,' wearetold,''WBa 
anoffice  of  distinction  ;"  hence,  some  of  the  commanden  on  diese  occa- 
fliona,  snbsequently  adopted  water  btiekeU  in  their  coats  of  arms,  as  em- 
blems of  their  labors  in  Palestine.  '  Water  Bougettes,'  formed  part  of 
Ihe  arms  of  Sir  Humphrey  Bouchier,  who  was  slain  at  the  battle  of  Bor^ 
oet,  in  1471.    Moolei'  Ant.  of  Westminster  Abbey. 
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CHAPTER    V. 

Biil>t«l  iTWiLU  MMliaHl— WiUi  vsnUppnd— Rfnr  Oui(H— Anrtd  w«0  nt  Btniw  Owhi  M- 
km  u  Wntli  Tnrllrtrtn  of  (ke  lUbUoi-Altin  tneud  nar  tkmi— lonlMd-CHniciilH  with  nfudt* 
nur  U  Efjpt,  flruMi  Ptni,  Muiee,  Rdih,  *ad  Judo — rmplei  flwte4  trer  waUi — Tha  IbiuaiK 
rf  tpitllit  "'-II  rirm  7-tii  Pnithl  f-rl  TitTit  irf  Irit  HihnMiTlti  Mm^bw— Hladoo  umplH 
-- WddH-i  wril— Walk  In  CtiMM  UHTlai— Pli^'—CaU*  -Ouik— Mmliini  npantiOiuH  with  nfud 
ta  wiUt  ud  nlli — Hladma — AlfsrinH — NlHiak — Gmlu — TobIm  bT  siiiu  osir  w(IU~8ipan|l- 
tiHi  sf  Ika  PM»lm  Aajlo  Bush— IUiid(Hi—8cauh~eii|1uh--St.  Oimnuin'i  weB~St.  Wiil- 
kad**  w*U — Booh  lad  wall  ■  wualiig.' 

In  the  earljr  agei  tnUer  waa  reverenced  as  die  substance  of  which  all 
diinga  in  the  onirerse  were  supposed  to  be  nude,  and  the  vivifying  prin- 
ciple that  uumated  the  whole ;  hence,  rivers,  fountains,  and  welli,  were 
worshipped  and  religions  feasts  and  ceremonies  instituted  in  honor  of 
them,  or  of  the  spirits  which  were  believed  to  preside  over  them.  Al- 
most all  nations  retain  relics  of  this  superstition,  while  in  some  it  is  pnicti- 
•ed  to  a  lamentable  extenL  Asia  exhibits  the  humiliating  spectacle  of 
millions  of  her  people  degraded  bj  it,  as  in  former  ages.  Shoals  of  pil- 
grims are  constantly  in  motion  over  all  Hindostoii,  on  their  way  to  the 
'  sacred  Granges  j'  Uieir  tracks  stained  with  the  blood  and  covered  wiih- 
the  bonea  of  thousands  ^t  perish  on  the  road.  With  these  people,  it  ia 
deemed  a  virtue  even  to  &&t«£  of  this  river ;  while  to  bathe  in  its  waterv 
washes  away  all  sin,  and  to  exmre  on  its  brink,  or  be  suffocated  in  it,  ir 
the  climax  of  human  lelicitv.  The  holy  will  in  the  city  of  Benares  i*. 
vi«ted  by  devotees  from  all  parts  of  India ;  to  it  they  offer  rice,  &c.  aa  to 
(hair  idols. 

Prom  this  sacred  character  of  water,  it  veiy  early  became  a  custom,  in- 
order  to  render  obligations  inviolable,  to  t^e  oaths,  conclude  treaties, 
maJce  bargains,  &c.  at  wells.  We  learn  that  when  Jacob  was  on  his  waT 
to  Egypt,  he  come  to  the  "  well  of  the  oath,"  and  offered  sacrifices  to  God; 
Josephus,  AnL  ii,  7.  At  the  same  weU,  his  grand&ther  Abraham  conclu- 
ded a  treaty  with  Abimelech,  which  was  accompanied  with  ceremoniea- 
and  oodia.  Gen.  xxi.  At  the  celebrated  PtUeal  hiioHu,  at  Rome,  oaths 
were  publicly  administered  every  morning;  a  representation  of  this  weU 
is  on  uie  reverie  of  a  medal  of  Libo.  Enoyc.  Ant.  412.  It  was  believed 
that  the  "oaths  of  the  Grods"  was  also  by  water.  Univer.  His.  Vol.  iV, 
17.  The  Rabbins  have  a  tradition  that  their  kings  were  always-  anoint- 
ed by  the  aide  of  a  fountain.  Solomon  was  carried  by  order  of  Dtivid  to 
the  'fountain  of  Oihon,'  and  there  proclaimed  king.  Joseph,  Atit  vii,  14. 
The  ancient  Cathites,  says  Mr.  Bryant,  and  the  Persians  af^rthem,  had 
a  great  veneration  for  fountains  and  streams.  Altaju  were  erected  in 
the  vidni^  of  wells  and  fountains,  and  religious  ceremonies  performed 
arotmd  them.    Thus  Ulysses  : 

Bwide  a  fimiitaiii'i  nerad  iRiak,  w«  rsiMd 

Oni  venhnt  allan,  and  tbevietim*bUz«d.  Hmdii,  368.. 

"  Wherever  a  spring  rises,  or  a  river  flows,"  says  Seneca,  "there  we- 
ihonld  build  altars  and  ofihr  sacrifices,"  and  a  dioussnd  jrears  before  Se- 
lioc»  lived,  the  audkor  of  the  68(h  Psalm  spoke  of  worshipping  God  from 
the  "  firantaiu  of  laruL"    The  Ehnactuani  held  great  lestivals  eveiy 
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year  at  th«  fountuna  of  Arethius,  md  they  sacrificed  bUclt  bolU  to  Plnlo 
at  the  fountain  of  Cyane.  Wella  were  sometimes  dedicated  to  particular 
deities,  as  the  oracular  fountain  menUoned  bv  Pauaaniaa,  near  (ne  sea  at 
Patra,  which  stiU  remains  nearly  as  he  described  it ;  and  haTioff  been  re* 
dedicated  to  &  christian  saint,  "  is  still  a  sacred  will."  Dirinadon  bv 
-  water,  was  practised  M  this  welL  A  mirror  was  suspended  by  a  thread, 
having  its  polished  surface  upwards,  and  while  floating  on  the  water, 
presages  were  drawn  from  the  images  reflected. 

Polynlces,  in  (Kdipus  Coloneus,  swears  "  by  our  native  fountain*  and 
our  kindred  god»."  Antigone,  when  about  to  be  sacrificed,  appeals  to  the 
"  fountains  of  Dirce,  and  the  grove  of  Thebe."  Ajax  before  he  slew 
himself,  called  on  the  gun,  the  soil  of  Salamis,  and  "ye  fountains  and 
rivers  here."     Trag.  of  Sophocles  lit.  trwia,  1837, 

"At  Psneiu'  roDOl  Aiidaus  ilood  and  bowod  with  woe, 

Bmatiiwl  hii  deep  mnnnnn  lo  the  njmpb  below  :        Otergkt  L.  ir,  38B. 

C jrane !  tbou  whomiheM  fUt*priti(*  raTen." 

The  fountain  of  Aponeus,  (now  Albano)  the  birth  place  of  Livy,  waa 
an  oracular  one.  That  of  Pirene  at  Corinth,  waa  sacred  to  the  muses. 
Eneas  invoked  "  living  fountaina"  among  other  "  Ethereal  Oods."  And 
old  Launus 


"  Songtit  the  ihadoi  renownad  for  profdieey. 
Which  near  Albuneac*  xilpharaoaa  founlam  lie. 


■nlpharMna  founlun  lie."  En.  vii,  1S4. 

-Cicero  says,  the  Roman  priests  and  augurs,  in  their  prayers,  called  on 
4be  namea  of  rivers,  brooks,  and  springv. 

Vessels  of  water  were  carried  by  the  Egyptian  priests  in  their  saered 
processions,  to  denote  the  great  blessings  derived  from  it,  and  that  it  was 
the  begiiming  of  all  thing*.  Vimivius  says  they  were  accnstomed  to 
place  a  vase  of  it  in  iheir  temples  with  great  devotion,  and  prostrating 
^themselves  on  Uie  earth,  returned  thanks  to  the  divine  goodness  for  its  pro- 
4ection.  Book  viii.  Proem.  In  the  celebration  of  the  Eleusinian  myste- 
jies,  those  who  entered  the  temple,  washed  their  hands  in  holy  water,  and 
•on  the  ninth  and  last  day  of  the  festival,  vessels  of  water  were  offered 
'with  great  ceremonies,  and  accompanied  with  mystical  expressions  to  the 
-Clods.  Those  who  were  ioitiBted  were  prohibited  from  ever  aitdng  on 
(the  cover  of  a  welL  Sojourners  among  the  Qreeks  carried  in  the  religions 
processions,  amall  vessels  formed  in  the  shape  of  boaia ;  and  their  daugh- 
ttera  water  poU  with  umbrellas.  Rob.  Ant.  Greece.  Plutarch  aays, 
"'^het  were  not  eaten  of  old,  from  reverence  of  springa." 

Among  the  ancient  Peruvians,  certain  Indians  were  ^pointed  to  sacri- 
ifice  "  to  lountuns,  springs,  and  rivers."  Pur.  Pil.  1076.  Holy  water  waa 
,placed  near  the  altars  ol^the  Mexicans.  Ibid,  987.  Tlaloc  was  their  Ood 
of  waterj  on  fulfilling  particular  vows  they  bathed  in  the  sacred  pond 
Tezcapan.  The  water  of  the  fountain  Tozpalatl  was  diank  only  at  the 
most  Hotemn  feasts:  no  one  was  allowed  to  taate  it  at  any  other  time.  Cla- 
vigero,  Lou.  1786,  voL  i,  251  and  265.  The  FontineUia  of  the  Romans, 
were  religioua  festivals,  held  in  October,  in  honor  of  the  Nymphs  of  wells 
and  fountains;  part  of  the  ceremonies  consisted  in  throwing  nosegays  into 
.fonntaiits,and  decorating  the  curbs  of  wells  with  wreaths  of  flowers. 

The  Jews  had  a  rehgious  festival  in  connection  wi&  water,  the  origin 
of  which  is  not  clearly  ascertained.  It  waa  kept  on  the  last  day  of  the 
'feast  of  tabernacles,  when  they  drew  water  wiu  great  ceremony  from 
'the  pool  of  Siloah  and  conveyed  it  to  the  temple.*    It  is  sappoaed,  the  Sa- 

■UnL  Hut.  i,  607. 
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vior  alludes  to  thii  practice,  when  on  "jhe  last  day,  that  great  day  of  dis 
feut,  he  stood  and  cried,  mying,  if  any  man  tbirat,  let  him  come  unto  me, 
and  drink.  He  that  believeth  od  me,  as  the  9criptut«  hath  said,  out  of  hit 
belly  shall  flow  rivers  of  living  waters."  John,  vii,  37,  One  of  the  five 
•okmn  festivals  of  the  pecmie  of  Pegu,  ia  '  the  feast  of  water,'  dunnff 
which,  '  Cbe  king,  nobles  and  all  the  people  throw  water  upon  one  another? 
Ovtngton'a  Voy.  toSuraL  1689.  697.  The  anperatitious  veneration  for  wella, 
induced  the  ancients  to  erect  temples  near,  and  sometimes  over  them ;  as 
the  fbunltun  of  Apollo,  near  the  temple  of  Jupiter  Amman ;  the  well 
Zemzem  in  the  temple  of  Mecca,  &c.  In  accordance  with  this  prevuling 
castom,  we  Cnd  the  prophet  Joel  speaks  of  a  fountain  which  should  come 
forth  out  of  the  houte  of  tMe  Xiari,  and  water  the  valley,  iii,  18.  And 
when  Jeroboam  built  a  temple,  that  the  ten  tribes  might  not  be  obliged  to 
go  to  Jerusalem  to  worship,  and  there  be  seduced  from  him,  Josephns 
tells  OS,  that  he  built  it  by  the  fountains  of  the  lesser  Jordan.  Antiq.  viii, 
c^.  8.  In  (he  temple  of  Isis,  at  Pompeii,  the  'sacred  well'  has  been 
found.  Pompeii,  i,  S77,  279. 

The  ancient  custom  of  encloidng  wells  inreligious  edifices  was  adopted 
by  both  Christians  and  Mahommedans.     Among  the   latter  it   is  still  con- 


and  it  is  not  altogether  abandoned  by  the  former. 

"  'Ibis  afternoon,"  says  Fryer,  speaking  of  one  of  the  mosques  m  India, 
"their  aimetiim  tanetomm  was  open,  the  priest  entering  in  barefoot,  and 
prostrating  himself  on  one  of  the  mats  spread  on  the  floor,  whither  I  must 
not  have  gone,  could  his  authority  have  kept  me  out.  The  walls  were 
white  and  clean  but  plain,  only  the  commandments  wrote  in  Arabic  at  the 
west  end,  were  hung  over  a  table  in  an  arched  place,  where  the  priest  es- 
ponnds,  on  an  ascent  of  seven  steps,  railed  at  top  with  stone  very  hand- 
•omely.  Underneath  we  fine  oool  vaults,  and  stone  stairs  to  descend  to  a 
deef  tank." 

As  it  was  formerly  death  to  a  christian  who  entered  a  mowjue,  we  shall 
add  a  more  recent  mstance.  In  1831,  Mr.  St.  John  disguised  himself, 
like  Burckhardt,  in  the  costume  of  a  native,  and  visited  the  mosquej  of 
Cairo,  In  that  of  Sultan  Hassan,  he  observes,  "  ascending  a  long  flight 
of  steps,  and  passing  under  a  magnificent  doorway,  we  entered  the  vesti- 
bole,  and  proceeded  towards  the  motfjoered  portion  of  the  edifice,  where, 
on  stepping  over  a  small  ratling,  it  was  neceasaiy  to  take  off  our  baboo^es^ 
or  red  Turkish  shoes.  Here  we  beheld  a  spacious  square  court,  paved 
with  marble  of  various  colors,  fancifully  arranged,  with  a  beauliM  oc- 
tagonal marbUfotmlain  in  the  centre."  Egypt  and  Mohammed  Ali,  ii,  338. 
It  u  the  same  in  Persia.  Tavern.  Trav.  Lon.  1678.  29.  The  temples 
of  India  says  Sonnerat,  have  a  sacred  tank,  deilied  by  the  Brahmins. 
The  figures  of  gods  are  somebmes  thrown  '  into  a  tank  or  well.'  Voy.  i, 
111,  133.  In  old  times,  churches  were  removed  from  other  buildmgs, 
and  were  sarrounded  with  courts,  in  the  centre  of  which  there  were 
fountains,  where  people  washed  before  going  to  prayers.  Moreri  Die.  In 
one  of  the  old  churches  at  Upsal,  is  an  ancient  well,  that  had  formerly 
been  famous  *  for  its  miraculous  cures.'  Woden's  well  is  still  shown 
in  the  same  city.  It  was  in  the  vicini^  of  the  old  teniple  of  that  great 
northern  deity.  De  la  Mortraye's  Trav.  ii,  262.  Van  Braam  noticed  a 
wvQ  in  one  of  the  large  temples  of  China.  Jonm.  ii,  224.  *  Sacred 
springs,'  are  mentioned  by  JuvenaL  3  SaL  30.  Pliny  speaks  of  fountains 
Bod  wells  of  water  as  veiy  '  wholesome  and  proper  for  the  cure  of  many 
diseases ;'  to  which,  he  says,  there  is  ascribed  some  divine  power,  inso- 
arach  that  they  give  names  to  itmdry  gods  and  goddesses,  xxxi,  2,  The 
Celts  TenerMed  lakes,  riven,  and  fountains,  into  which  they  threw  gold. 
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The  Britons  and  Picts  did  the  same.  Scot.  Gael,  258.  Mexenijr,  in  liii 
History  of  France,  wben  speaking-  of  the  cliurcli  in  the  third  and  fourth 
centuries,  remarks,  '  Hitherto  very  few  of  the  French  had  receiTed  the 
light  of  the  gospel ;  they  yet  adored  trees, ^^Mti&ttNr,  serpents,  and  birds.' 
i,  4.  In  the  eighth  century,  the  council  of  Soissons  coudeinned  a  heretic, 
-who  built  oratories  and  set  up  crosses  near  fountains,  &c  lb.  113. 

Ancient  superstitions  with  regard  to  water  are  still  practised  more  or 
less  over  a  ereat  part  of  the  world.  At  the  first  new  moon  in  October, 
the  Hindoos  hold  a  great  celebration  to  their  Deities.  "  The  next  moon, 
their  women  flock  to  the  tacred  vidli."  Fryer,  110.  Many  of  the  cers- 
monies  performed  in  old  times  by  women  in  honor  of  wells  and  fountain^ 
are  yet  practised  in  some  of  the  Grecian  islands.  There  the  females  still 
dance  round  the  wells,  the  ancient  CaUichonu,  accompanied  with  scmgs  in 
hoDorofCeres.  Dr.Clarke.  "I  have  just  returned  this  morning,"  (says  Mr. 
Campbell  in  his  Letters  from  the  South,  Phils.  Ed.  1836,  \0Z^  "mm  wit- 
nessing a  superstitions  ceremony,  which,  though  nnwarranted  by  the  Ko- 
ran, is  practised  by  all  Mahometans  here,  [Algiers]  black,  brown,  and 
while,  nay  by  the  Jews  also.  It  condsts  in  sacrificing  the  life  of  some 
eatable  animal  to  one  of  the  devils  who  inhabit  cenun  fountains  near  AI- 

S'ers.  The  victims  were  fowb,  they  were  dipped  in  the  tacrtd  sea,  u 
omer  calls  it,  afler  which  the  high  priest  took  them  to  a  nei^^oring 
fountain,  and  having  waved  his  knife  thrice  around  the  head  of  an  old  wo- 
man, who  sat  squatting  beside  it,  cut  their  throats,"  &o. 

The  custom  was  probably  a  common  one  in  ancient  Nineveh ;  for  once 
a  year  the  peasants  assemhle  and  sacrifice  a  theep  at  Thisbe's  well,  with 
music  and  other  festivitieB.  The  Greeks  are  so  much  attached  to  grotloea 
and  wells,  that  "  there  is  scarcely  one  in  all  Gtreece  and  the  islands,  which 
is  not  consecrated  to  the  Virgin,  who  seems  to  have  succeeded  the  ancient 
nymphs  in  the  guardianship  of  these  places.* 

The  supposed  sanctity  of  wells  also  led  to  the  custom  of  interring  the 
bodies  of  saints  oi'  holy  perq,ona  near  them  ;  thus  in  all  parts  of  Egyp^ 
the  tombs  of  saints  are  found  in  the  vicinity  of  those  places,  "  where  the 
wandering  dervishes  atop  to  pray,  and  less  pions  travelers  to  qnench  their 
thirst"  Some,  says  Fryer,  are  buried  wim  "  flieir  heels  upwards,  Kke 
Diogenes." 

Worihip  of  wells,  like  many  o^ar  superstitions  of  Pagan  origin,  waa 
early  incorporated  with  the  ceremonies  of  the  christian  church,  and  earned 
to  an  idolatrous  excess.  A  schism  took  place  in  Perna  among  the  Arme- 
nians, in  the  tenth  centuiy ;  one  party  was  accused  of  'despising  the  holy 
well  of  Vagarsciebat,'  In  Europe  ii  was  at  one  time  universal.  In  En- 
gland,' in  the  reigns  of  Canute  and  Edgar,  edicts  were  issued  prohibinng 
well  worship.  When  Hereward  the  Saxon  hero,  held  the  marshes  of 
Ely  against  the  Norman  conqueror,  he  said  he  heard  his  hostess  conversing 
with  a  witch  at  midnight!  lie  arose  silently  from  his  bed,  and  followed 
them  into  the  garden,  to  a  '  fountain  of  water,'  and  therq  he  'heard  them 
holding  converse  with  the  spirit  of  the  fountain.'  From  a  collection  of 
Anglo  Saxon  remains,  the  following  example  is  taken.  "  If  sny  one  ob- 
serve lots  or  divinations,  or  keep  his  wake,  [watch]  at  any  mUt,  or  at 
any  other  created  things,  except  at  God's  church,  let  him  fast  three  years ; 
the  first  one  on  bread  and  water,"  &c.  In  a  Saxon  homily  against  witch- 
craft and  magic,  in  the  library  of  the  Universi^  of  Cambridge,  it  is  sud, 
"some  men  are  so  blind,  that  thev  bring  their  oiterings  to  immovable  rodl*, 
and  also  to  Ireet  and  to  toeifi,  as  witches  do  teach."    ^"Ine  Hindoos  scill  wor- 

■Udi'iNar.ofaR«wdeaceiBKoon]Mtwi.ii,49:    ' Foreign Qnarlerir.  Jolj,  1838. 
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■Up  stonef,  trees,  and  water,  and  moke  offenn^  to  diem.*  In  a  maan- 
•cnpt  written  in  the  eeAy  part  of  the  fiAaenth  century,  tLere  is  a  humor- 
ous song,  in  'which  there  is  an  aJlusion  to  this  snpersbtian.     It  be^ns  thus ; 

■The  lait  tjma  I  the  im<  woIcb 

Sir  John  CBgbl  me  nith  a  crokB, 

He  made  me  iwere  be  bel  ind  boLe 
I  ibak]  not  tel.' 
Even  BO  late  as  the  seventeenth  century,  people  in  Scotland  were  in  the 
kabit  of  visiting  wells,  at  which  they  performed  numerous  acta  of  super- 
stition. Shaw,  b  his  History  of  the  Province  of  Moray,  says  that '  heathen 
customs  were  mnch  practised  among  the  people,'  and  among  them,  he  in- 
stances their  '  performing  pilgrimages  to  wells,'  and  '  building  chapels  to 
fountains.'^  At  the  present  time  in  some  parts  of  England,  remams  of 
well  worship  aw  preserved,  in  the  custom  of  performing  annual  proces- 
sions to  them,  decorating  diem  with  wreaths  and  chaplets  of  flowers, 
singing  of  hymns,  and  even  reading  a  portion  of  the  gospel  as  part  of  the 
ceremonies. 

These  same  customs  gave  rise  to  the  numerous  holy  wells,  which  for* 
merly  abounded  throughout  the  old  world,  and  the  memoi^  of  many  of 
which  is  still  preserved,  in  names  of  towns.  In  the  church  of  Nantcrre, 
near  Paris,  the  birth  place  of  Saint  Genevieve,  is  a  well,  by  the  water  of 
which,  diis  patroness  of  the  Parisians  miraculously  restored  her  blind 
mother  and  many  others  to  sight  I  Breval's  Eu.  307.  Sunt  Winifred's 
well  in  Flintshire,  Eng.  from  its  sacred  character  gave  name  to  the  town 
of  Holywell.  Mr.  Pennant  says,  the  custom  of  viuting  this  well  in  pil- 
grimage, and  offering  up  devotions  there,  was  not  in  his  time  entirely  laid 
aude:  "in  the  summer,  a  few  are  to  be  seen  in  the  water,  in  deep  devo- 
uon  up  to  their  chin  for  hours,  sending  up  their  pravers,  or  performing  a 
number  of  evolutions  round  the  polygonal  well.  Even  so  late  as  1804^ 
•  Roman  catholic  bishop  of  Wolverhampton,  took  much  pains  to  persuade 
the  world,  that  an  ignorant  proselyte  of  his,  named  Winifred  Wbite  was 
luiraculously  cured  at  this  weU  of  various  chronic  diseases  ! 

The  custom  of  '  house -warming*  is  very  ancient;  the  ta. 
weae  formerly  performed  on  the  completion  of  new  wells. 


CHAPTER    VI. 

tk  gf  uoUU  wilk-Ii  HlvloMw-WaU  af  T]i»-C«1k>cwil»  ntt>~W«* 
bmi  cnifv— 'AicML  Uwt  to  pmrAiit  artUnntm  tnm 
Himili  fUDnf  iDU  tk«B~e«(iielt7  ud  nirugi  at  u  alapliut— HjrlH-^Rbiiliu 
-Thnelu Mldlar  udiUdr  a  Tbabai— WdoiUii carart^Welli  ii  Juile»— Kauou  tai 
i-HcrUlui-Anl*— AqiiUai— AbnlHm— a  ««1i  Wk-D»vid-JI  inls- 
BBrckhwdl  !■  Pun— Womu  of  Brnkuriii— Panlu  tnditio-i— 
H,  Ih  Umrth  Caliph— Oimriic  wiU  wilk  hrfa  itsiHi— Hiboiuiwdui  tmlldaa— TtmUmltK— Edlgu 
M Ontk  tapetgr*— Win  M llillniiiilii  Iiiiiwl  nmn  nd  Onelu  eiriia  of  gurU*— Ciploli  (T 
MatiM  asliwDi  UBTKtad  ]ala  cuU  la  valta. 

A  knowledge  of  the  depth  and  other  circiunetances,  relating  to  some 
ancient  wells,  is  necessary  to  a  due  invesdgacion  of  the  various  methods 
of  raising  water  from  them.  We  cannot  indeed  form  a  correct  judgment 
of  the  latter,  without  some  acquaintance  with  the  former. 

■Ward's  Hiudoos,  Z&,  353.    ^  Hone's  Evwj  Di^  Book,  ii,  636, 685.  Fosbroke.  6M. 
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The  wells  of  Asia  aw  generally  of  great  depth,  and  of  coune  were 
■o  in  fbmier  times.  In  Guzzerat,  they  are  from  eighty  to  a  hundred  feet ; 
in  the  adjoining  province  of  Mulwah,  they  are  frequently  throe  hundred 
feet  In  Ajmeer,  they  are  from  one  to  two  hundred  teet.  Mr.  £lphin- 
■tone  in  his  miasion  to  Gabaul  observes,  '  the  wella  are  ofien  three  hun- 
dred feet  deep ;  one  was  three  hundred  and  forty  five ;'  attd  with  thii 
enormous  depth,  some  are  only  three  feet  in  diameter.  The  bmous  well 
of  ancient  Tyre,  'whose  merchants  were  princes,  and  whose  trafHcIc«n 
were  the  honorable  of  the  earth,'  is,  according  to  some  travelers,  without 
a  bottom  ;  but  La  Roque,  is  said  by  Volney,  to  have  found  it  at  ^e  depth 
of  '  six  and  thirty  fathom.' 

Shalmaoezer  besieged  this  dty  of  mechanici  for  five  years,  withont 
being  able  to  take  it ;  at  last  he  cut  off  the  waters  of  this  well,  when  the 
inhabitants  dug  others  within  the  city ;  ai\er  which  they  held  out  against 
Nebuchadnezzar,  and  the  whole  power  of  the  Babylonian  empire  for 
lAirleat  years ;  being  the  longest  siege  oa  record,  except  that  of  Ashdod. 
Jos.  Andq.  ix,  14,  Ancient  Carthagenian  wells  of  great  depth  have  been 
already  mentioned.  Dr.  Shaw  (Trav.  135,)  observes  of  a  tnoe  of  the  Ka- 
byles,  '  their  country  is  very  dry,  they  have  no  fountains  or  rivulets,  and 
in  order  to  obtain  water,  they  dig  wells  '  to  the  depth  of  from  one  to  two 
bundred  fathom.'  Jacob's  well  is  a  hundred  and  nine  feet,  and  Joseph's 
well  at  Cairo,  near  three  hundred  feet  deep.  The  well  Zemzem  at  Mecca, 
is  two  hundred  and  ten  feet,  '  Exceeding  deep  wells'  in  Sural,  are  men- 
tioned by  Toreen,  in  Osbeck's  Voyage  to  China.  That  the  wells  of  Attica 
were  generally  deep,  is  obvious  from  a  provision  in  Solon's  law  respecting 
them,  by  which  a  person,  after  digging  to  die  depth  of  sixty  feet  without 
obtaining  water,  wss  allowed  to  nil  a  six  gallon  vessel  twice  a  day  at  Us 
neighbor's  well.  The  frequency  of  not  meeUngwith  water  at  thatdepth, 
evidently  gave  rise  to  this  provinon.*  The  wells  of  Hercnlaneum  and 
Pompeii,  were  probably  all  of  considerable  depth,  if  we  judge  from  thoM 
that  have  been  discovered. 

WBLLB  WITHOUT  CUR»». 

Another  feature  in  accient — parljcularly  Asiatic — wells,  was,  ihey  wen 
oflen  tnithout  eurht  or  parapets  built  round  them ;  hence  animals  often 
foil  into  them  and  wore  killed.  A  very  ancient  law  enacted,  that,  'if  a 
man  shall  open  or  dig  a  pit,  [a  well]  and  not  cover  it ;  and  an  ox  or  an 
ass  fall  therein,  the  owner  of  the  pit  shall  toake  it  good,  and  give  money 
to  the  owner  of  them,  and  the  dead  beasts  shall  he  his.'  £xo.  xxi,  33,  34. 
This  was  probably  an  old  Phenician  and  E^rptian  law  which  the  Is- 
raelites adopted  from  its  obvious  utility.  Josephus'  account  of  it  is  more 
explicit :  *  let  those  that  dig  a  well  or  a  pit,  he  carefiil  to  lay  planks  over 
them,  and  so  keep  them  shut  up,  not  to  hinder  persons  from  drawing  wa- 
ter, but  that  there  may  bo  no  danger  of  falling  into  them.'  Antiq.  iv, 
8.  Numerous  examples  of  the  utility  of  such  a  law  might  be  produced 
from  oriental  histories.  Benaiah,  one  of  the  three  famous  warriors  of 
David,  who  broke  throurfi  the  hosts  of  the  Philistines  and  drew  water 
for  him  out  of  the  well  trf"  Bethlehem,  '  slew  a  lion  in  the  midst  of  a  pit  in 
the  time  of  snow.'  Sam.  xxiii,  20  :  from  Josephus,  this  appears  to  have 
been  one  of  the  ordinary  wells  of  the  country,  which  having  no  curb, 
had  been  left  open,  and  the  'lion  slipped  and  fell  into  it'     Antiq.  vii,  IS. 

'  On  our  way  back  to  the  town,  we  saw  a  poor  ass  dying  in  a  pit,  into 

*  Platardi'i  Life  oT  Sokm. 
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which  he  hod  f&Ileh  with  hii  le^  tied,  diatbe'iDg  thepr»cticfiof  the  Arabs 
when  they  aeaA  out  theie  anhnals  to  feed.''  The  ciutoni  of  the  Arabs  in 
this  respect  has  probably,  like  maoy  othen,  iindei^ne  no  change.  It  ox^ 
plains  the  necessity  of  toe  law  in  ExoduB,  as  quoted  aboTe. 

Ah  two  elephant  drirers,  each  on  his  elephant,  one  of  which  wu  re- 
markably large  and  powerful,  and  the  other  small  and  weak,  were  ap- 
froaching  a  well,  the  latier  carried  at  the  end  ofhia  proboscis  a  bucket 
y  which  to  raise  the  water.  The  taiver  Buimal  inatigatad  by  his  dnver, 
(who  was  not  provided  with  one,)  seued  and  easily  wrested  it  from  the 
weaker  elephant,  which,  though  nnaUe  ta  reseot  the  insult,  obTioualy  fek 
it.  At  len^,  watching  hii  opportunity  when  the  other  was  standing  amid 
the  crowd  with  his  side  to  the  well,  he  retired  backwards  in  a  very  quiet 
and  unsuspicious  manner,  and  then  rushing  forward  with  all  his  migh^ 
drove  his  head  against  the  side  of  the  robber,  and  fairly  pushed  him  into 
the  well — the  surtace  of  the  water  in  which,  was  twetity  feet  below  the 
level  of  the  ground. 

But  animals  were  not  the  only  sufferers ; — There  are  passages  in  an- 
cient authors  which  indicate  the  loss  of  human  life  both  accidentally  and 
by  design,  in  consequence  of  die  absence  of  curbs  to  wells.  Thus  Hylaa 
who  accompanied  hercules  on  the  Argonatitic  expedition,  went  ashore  to 
draw  water  from  a  welt  or  fountain,  and  he  fell  in  and  was  drowned. 
Virgil  represents  the  companions  of  Hylas  after  missing  him,  as  spread- 
ing themselves  along  the  coast  and  loudly  repeating  his  name  : 


£c.  vi,  18.     tframgiaM. 

ArcHelaus  of  Macedon,  a  contemporary  of  Socrates,  ascended  the  throne 
by  the  most  horrid  crimes.  Among  Others  whom  he  murdered,  was  his 
own  brother,  a  boy  only  seven  years  old.  He  threw  his  body  into  aweH, 
and  endeavon^d  to  make  his  mother  believe  that  the  child  feU  in,  '  as  Iw 
was  running  after  a  goose.'     Bayle. 

When  Alexander,  like  a  demon,  destrc^ed  the  aXy  of  Thebes,  (die  ea- 
p!ta,l  of  one  o(  the  States  of  G-reece,)  ana  murderea  six  thootand  of  iu 
inhabitants,  a  party  of  Thraeian  soldiers  belonging  to  his  army  demolished 
the  hou3eorTimoclea,alftdyof  distinguished  virtue  andhonor,  Thesoldiers 
carried  off  the  booty,  and  their  capita  having  violated  the  lady,  asked 
her,  if  she  had  not  concealed  some  of  her  Iressures:  she  told  him  she 
had,  and  taking  him  alone  with  her  into  the  garden,  she  showed  him 
a  well,  into  which  she  said  she  had  thrown  every  thing  of  value.  Now 
we  are  told,  that  as  he  stooped  down  to  look  into  the  wvU,  this  high  spi- 
rited and  much  injured  lady  pushed  him  in,  and  killed   him  with  itones.^ 

Pmm  tliese  accounts,  it  appears  that  wells  belonging  to  private  houses  in 
ancient  Greece,  were  tometimea  without  curbs,  althou^  they  probably  had 
portable  or  teoaden  cover*.  That  these  were  ecmimon,  is  evident  from  a  pas- 
sage already  quoted  from  Josephus ;  and  dte  remains  of  one  have  been 
discovered  m  Pampeii.<  The  private  well  mentioned  in  2  Sam.  xvii,  18, 
hod  no  curb.  Indeed  it  is  evident  from  die  New  Testament,  that  the  an- 
cient custom  of  leaving  the  upper  surface  of  welts  level  widi  the  ground, 
prevailed  among  the  Jews,  through  the  whole  of  their  history,  from  their 
independence  as  a  nation,  to  their  final  overthrow  by  Titus.  *  What  man 
waoog  you  having  one  sheep,  \S\tfall  mto  a  pit  on  the  sobbadi  day,  wiQ 
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he  not  Uy  hold  of  it  and  lifl  it  out  I'  Matt,  xii,  11.  And  agsin  in  Lake, 
'  which  of  you  shall  have  an  ass,  or  a.D  ox  faJIen  mto  a  pit,  and  will  not 
Sttaig'htway  pull  him  out  on  the  sabbalh  day.'  xir,  5. 

In  these  patsagea,  which  are  parallel  to  those  quoted  from  ExoduB  and 
Joaephus,  the  word  *  pit'  is  synonymous  with.'  welL'  In  Antiq.  vii,  12, 
'  the  well  of  Bethlehem,'  is  called  a  '  pit.'  Wells  without  cufIm  are  met 
with  in  Judea  and  the  east  generally,  at  the  present  time,  although  they 
are  not  so  numerous  as  formerly.  Mr.  Stephens,  in  his  '  Incidents  of 
Travel,'  observed  on  the  road  to  Gaza,  'two  remarkable  wells  of  the  very 
best  Roman  workmanship,  about  fifty  feet  deep,  lined  with  large  hard 
etones,  as  firm  and  perfect  as  on  the  day  on  which  they  were  laid ;  the  up- 
permost layer  on  the  top  of  the  well,  '  was  on  a  level  with  the  pavement.* 
In  some  iUuatr^ons  of  the  Book  of  Genesis,  executed  in  the  fourth  or 
fifth  century,  one  represents  the  interview  between  Rebecca  and  Gliezer ; 
the  well  is  square,  and  the  curb  but  a  few  inches  high. 

REASONS  FOR  ITOT  FLACINa  CURBS  ROVNV  TOE  MOIITBS  OF  WELLV. 

The  motives  which  induced  the  ancients  to  leave  their  wells  without 
curbs  were  various : 

1.  That  they  might  be  more  readily  coticeaied.  This  was  a  imrvcrsal 
custom  in  times  of  war.  When  Darius  invaded  Scythia,  the  inhabitants 
did  not  attentpt  an  open  resistance,  but  covered  np  their  wells  and  springs 
KDd  retired.  Herod,  iv,  120.  Mr.  Elphinstone,  in  his  mission  to  Cabaul, 
says,  the  people  '  have  a  mode  of  covering  their  wells  with  boards,  heaped 
with  sand,  that  effectually  conceals  them  from  an  enemy.'  Diodoms  Si- 
culus,  remarked  the  same  of  the  Bedouin  Arabs,  eighteen  centuries  ago, 
uid  they  still  practise  it.  Travelers  in  the  Lybian  desert  are  often  six:  Bnd 
•even  days  without  water,  and  frequently  perish  for  want  of  it;  'the 
drifting  sand  having  covered  themar^/ofthewells.'^  Wells,  when  thus  con- 
cealed '  can  only  be  found  by  persons  whose  profession  it  is  to  pilot  cara- 
vans across  this  ocean  of  sand,  and  the  sagacity  with  which  these  men  per- 
form their  doty  is  wonderful ;'  like  pilots  at  sea  with  nothing  but  the  star* 
to  direct  them. 

2,  To  prevent  them  from  being  poisoned  or  filled  up,  both  of  which 
frequently  occurred.  The  Rnman  General  Aquilius  conquered  the  cities 
of  die  kingdom  of  Pergamus,  one  by  one,  by  poisoning  tlie  waters.  This 
horrid  crime  has  always  prevailed.  In  1320,  many  Jews  were  burnt  in 
France,  while  others  were  massacred  by  the  infuriate  people,  under  the 
belief  that  they  had  poisoned  the  wells  and  fountains  of^  Paris.  The  Earl 
of  Savoy  was  poisoned  in  this  manner  in  1384,  and  the  practice  was  com- 
mon in  uie  fifteenth  century.*  Some  of  the  wells  belonging  to  Abraham, 
were  stopped  up  by  the  inhabitants.  '  And  Isaac  digged  again  the  wells 
of  water,  which  they  had  digged  in  the  davs  of  Abr^am  his  father,  for 
the  Philistines  had  stopped  Uiem,  after  the  death  of  Abraham.'  Gen.  xxvi, 
18.  '  We  walked  on  some  distance  to  a  well,  which  we  {bund  full  of 
tiatd ;  Hussein  scooped  it  out  with  his  hands,  when  the  water  rose  and 
all  of  us  drank,'  Lindsay's  Trav.  Let  7.  When  the  Assyrians  under 
Senacherib,  invaded  Judea  in  the  eighth  century,  B.  C.  *  Hezekiah  took 
counsel  with  his  princes  and  mighty  men,  to  stop  the  waters  of  the  foun- 
tains which  were  withotU  the  city)  and  they  stopped  all  the  fountBins, 
'laying,  why  should  the  king  of  Assyria  come  here  and  find  much  water  V 
2  Kings,  iii,  19.  25.         ^ 
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The  coMom  of  leaving  the  principal  anpply  of  water  without  die  walk 
of  the  niore  ancient  citiai,  is  remErkaUe ;  and  the  rea<oa  for  it  has  not 
yet  been  satisfactorily  expkineci.  The  water  which  suppliod  A]ba  Lonsot 
lay  in  a  very  deep  glen,  and  was  therefore  scarcely  defensible ;  but  ttie 
springs  of  toe  Seamasder  at  Troy,  of  £!nneacrunus  at  Athens ;  of  Dirce 
at  Thebes,  and  innumerable  others,  prore  that  luch  inatances  were  com- 
mon.* Whffli  David  waged  war  against  the  Aoimonites,  his  success,  ac- 
cording to  Jossphus,  was  chiefly  owing  to  his  general  cutting  off  th«r 
waters,  and  especially  those  of  a  particular  weiL  Antiq.  vii,  1.  Mard[>- 
mas  stopped  up  the  Gargaphian  fountain,  which  suj^Hecl  the  Grecian  ar- 
nnr  with  water,  an  act  which  brought  on  in  its  vicimty,  the  fmnoua  battle 
of  Platea,  in  which  he  was  slain,  and  the  power  of  Persia  in  Greeca 
finally  prostrated.  A  remarkable  instance  oi  the  labor  and  porseveranc* 
of  ancient  soldiers,  in  cutting  off  a  well  or  fountain  from  besi^ed  places, 
is  given  by  Ccesar  in  his  Conwientaries  on  the  War  in  Ganl,  viii,  33. 

3.  To  prevent  the  water  from  being  ttoUn;  which  could  scaroely  have 
be«n  prevented  at  wetis  with  curbs,  (or  they  could  not  then  have  been  oon- 
cealeo.  We  must  bear  ia  mind  that  the  extreme  scarcity  of  water  in  the 
east,  required  a  vigilant  and  parsimonious  care  of  it;  and  hence  contioual 

3iia4TelH  arose  from  attempts  to  purloin  it,  or  to  take  it  by  force.  '  And 
le  herdsmen  of  C^ror  did  strive  with  Isaac's  herdsmen,  saying,  die 
water  is  ours.'  Geo.  xxvi,  20.  This  kind  of  strife,  says  Dr.  Rich^son, 
between  the  different  villagers,  still  exists,  as  it  did  in  the  days  of  Abr»> 
ham  and  Lot  It  was  cnstomory  for  shepherds  to  seize  on  the  wells  be- 
fore others  came,  lest  there  shmild  not  be  sufficient  water  for  all  their 
flocks,  and  it  was  at  an  occurrence  ofthis kind, thatMoaes first  became ao- 
qnainted  with  Zipporah  and  her  sisten.  Jot.  Antiq.  ii,  11.  "  Nearly  six 
hours  beyond  the  ruined  town  of  Koumou,  and  two  beyond  the  dry  bed 
of  a  iman  stream  called  El  G«ran,  [the  brook  of  Gerart]  we  w^re  sup> 
prised  at  finding  two  lai^  and  deep  wells,  beautifully  built  of  hewn  stone. 
The  uppermost  course,  and  about  a  dosen  troughs  for  watering  cattle  dis- 
posed round  them,  of  a  coarse  white  marble ;  Uiey  were  evidently  coeval 
Tvith  the  Romans.  Q,uite  a  patriaxcbal  scene  presented  itself  as  we  drew 
near  to  the  wells ;  the  Bedouins  were  watering  their  flocks ;  two  men  at 
each  well  letting  down  the  skins  and  pulling  £em  up  again,  with  almost 
ferocious  haste,  and  widi  quick  savage  shouts."  Lindsay's  Trav.  Let.  9. 

The  scarcity  of  water  in  those  countries  has  from  toe  remotest  times 
made  it  an  object  of  mertAan^ite. — "  ¥e  shall  also  buy  wuter  of  them  for 
money  that  ye  may  drink."  DeuL  ii,  6,  S8.  And  Jeremiah — "  we  have 
drunken  our  water  for  money."  Lam.  v,  i.  See  Szekiel,  iv,  16,  17. 
This  value  of  water  may  be  perceived  in  the  negoUMion  of  Muses  with 
die  king  of  Edom,  for  a  passage  through  that  country.  He  pledged  him- 
self that  his  countrymen  would  not  injure  the  fields  or  the  vineyards; 
"neither,"  says  he,  "will  we  drink  of  the  watersof  the  wells;"  and  in  a 
subsequent  proposition,  he  adds,  "  if  I  and  my  catde  drink  of  thy  waters^ 
dien  I  will  pat/  for  it."  Num.  xx,  17,  19.  It  is  we  think  evident  from 
the  text,  that  the  great  quantities  of  water  which  such  a  host  would  re- 
quire, was  the  principal  objection  urved  by  the  people  of  £dom;  they 
were  afraid,  and  very  naturally  too,  diat  a  million  of  souls  might  drain  aU 
their  wells  while  passing  through  the  land,  a  calamity  that  might  prove 
fatal  to  themselves.  Brooks  and  rivers,  were  dried  up  by  the  army  of 
Xerxes  as  he  advanced  towards  Greece. 

It  may  be  observed  here,  that  when  in  1811,  Bnrokhardt  discovered 
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Fein,  &fl  long  lost  eapiul  of  Edom,  an  intense  interest  was  excited 
unoDg  the  learned  men  of  Europe,  and  several  hastened  to  beliold  the 
moU  extraordinarjr  city  of  the  world  j  a  city  excavated  out  of  the  rocks, 
■whose  oiiein  goes  back  to  the  times  of  Esau,  the  'father  of  Edom,'  and 
which  baa  for  more  than  a  ihousaiid  years,  been  completely  lost  to  the 
^ilized  world.  But  the  natives  swore,  as  in  the  timpi  of  Mosea,  they 
should  not  enterlheircoimtry,  nor  iJrtMl;  of  their  water,  and  they  threatened 
to  shoot  them  like  dogs,  if  they  attempted  it.  It  was  with  much  difficulty 
and  dsnc;er,  that  Burckhardt  at  length  succeeded  in  obtaiuing  a  glimpse 
of  this  singular  ci^.  He  was  disguised  as  an  Arab,  and  passed  nnder  the 
name  of  Sheik  Ibrahim.  The  difficult  and  danger  of  a  visit  ut  Petra, 
is  now  however  in  a  great  meajnire  removed  by  the  present  Pssha,  Ma- 
hommed  AIL 

From  the  custom  of  conceslin^  many  ancient  weUs,  we  learn  the  im- 
portant &ct,  that  niachmes  for  raiamg  the  water  could  not  have  been  at- 
tatted  to,  or  pemianaiily  placed  near  them.  As  these,  as  well  as  curhs 
or  parapets  projecting  above  the  ground,  would  have  betrayed  to  ene- 
mies and  strangers  their  location.  When  the  woman  at  Bahurim  secreted 
David's  apes  in  the  well  belonging  to  her  house,  and  "  spread  a  covering 
over  the  well'smouth,  and  spread  ground  com  thereon;"  2  Sam.  xvii,  19, 
ber  device  could  not  have  succeeded,  if  a  curb  had  enclosed  its  mouth, 
or  if  any  permanent  machine  had  been  erected  to  raise  the  water  from  it; 
as  these  would  have  indicated  the  well  te  the  soldiers  of  Absalom,  who 
wvuld  certainly  have  examined  it,  because  wells  were  frequently  used 
as  hiding  places  in  those  days.  -  There  is  a  tradition  in  Persia  that  one  of 
the  Armenian  patriarchs,  was  concealed  several  years  in  a  well,  during 
the  persecution  of  the  ChristiBtis  nnder  Dioclesi&n  and  Maximinian ;  and 
w«s '  privately  relieved  by  the  daily  chari^  of  a  poor  godly  woman.' 
Piyer,  271. 

When  Ali  the  fourth  CsKph  of  the  Arabians,  marched  with  ninety 
Aousand  men  into  Syria,  the  'army  was  in  want  of  water.  An  old  hermit, 
whose  cell  was  near  the  camp,  was  applied  to  ;  he  said  he  knew  bat  of 
one  cistern,  which  mig^t  contain  two  or  three  buckets  of  water.  The 
Caliph  replied  that  the  andaU  patriareh*  had  dug  wells  in  that  neighbor- 
hood. The  hermit  said  there  was  a  tradition  of  a  well  whose  mouth  was 
closed  by  a  stone  of  an  enormous  size,  but  no  person  knew  where  it  was. 
Ali  caused  his  men  te  dig  in  a  spot  which  he  painted  out,  and  not  farfrom 
1^  Buriace,  the  mouth  of  the  well  was  found.* 

Where  wells  were  too  well  known  to  be  concealed,  as  those  in  the 
nei^horhood  of  towns,  villages,  &c.  they  were  eomeumea  secured  by 
large  stones  placed  over  them,  which  required  the  combined  strength 
of  several  persons  to  remove.  '  A  great  stone  was  upon  the  well's  mouth; 
and  they  roUed  the  stone  from  the  well's  mouth  ana  watered  the  sheep, 
and  put  the  stone  again  npon  the  well's  mouth.'  Oen.  xxix,  2,  3.  The  Ma- 
hommedans  have  a  tradition  that  the  well  at  which  Hoses  watered  the 
flocks  of  his  father-in-law,  was  oovered  by  a  stone  which  required  several 
men  to  remove  it.  It  is  indeed  obvious  large  stones  only  could  have  been 
nsed,  for  small  ones  could  not  extend  across  the  wells,  which  were  tee- 
qaendy  of  large  diameter.  Jacob's  well  is  nine  feet  across,  and  some 
■VTtm  larger  The  curb  round  the  well  Zemsem  at  Mecca,  is  <n»  Jeet  in 
diameter.  "  Another  time  we  passed  an  ancient  well,"  says  Lindsay,  Let. 
10,  "  in  an  excursion  from  Jerusalem  to  Jerioho  and  the  Dead  Sea,  its 
mouth  sealed  with  a  large  stone,  with  ahote  in  the  centre,  through  which 
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we  threw  &  pebble,  but  there  wu  no  water,  and  we  ihoald  have  hem 
■orry  bad  there  been  any,  tor  out  tattled  Mtraigth  could  not  have  remOTed 
the  leal." 

Notwithfltasding  the  precantjona  uaed,  shepherds  were  oilen  detected 
in  fraudulently  waterioa;  their  flocks  at  their  neighbors'  wells,  to  prevent 
which,  loekt  were  oaed  to  secure  the  eorers.  These  continued  to  bo 
'tised  till  recent  times.  M.  Ghardin  noticed  them  in  several  parts  of  Asia. 
The  wells  at  Suez,  according  to  Niebnhr,  are  surrounded  by  a  strong 
wall  to  keep  out  the  Arabs,  and  entered  by  a  door  'fastened  with  eiKW- 
mous  clamps  of  iron.'  In  Oreece  aa  in  Asia,  those  vnrejiited  who  stole 
wvter.  When  Themistoctes  during  his  banishment  was  in  Sardis,  he  ol^ 
served  in  the  temple  of  Cybele  a  female  figure  of  brass,  called  '  Hydro- 
p/iomt'  or  Water  Bearer,  which  he  himself  had  caused  to  be  made  and 
dedicated  out  of  the  Jhtii  of  sach  as  had  ttole»  the  water,  or  diverted  tfatt 
stream.*  One  of  the  Glreelc  emperors  of  Constantinc^lo  issued  an  edict 
A.  D.  404,  imposing  a  fine  of  a  pommd  of  gold  for  every  ounce  of  water 
rarreplitiously  taken  from  die  reservoirs.^  And  a  more  ancient  ruler  re- 
nwrked  that '  jto/cN  wa^«  are  sweet'  Proverbs,  ix,  17.  The  aneieiit 
Peruvians  had  a  similar  law. 

Curbs  or  para.petfl  were  generally  placed  round  the  montha  of  wells  in 
the  etlttf  of  Greece  and  Rome,  as  appears  from  many  of  them  preserved  to 
die  present  time,  as  well  as  those  discovered  in  Pompeii  and  HerculaDeum. 
The  celebrated  itkosaic  pavement  at  Preneste,  contains  the  representation 
of  an  ancient  well ;  by  some  authors  supposed  to  be  the  famous  fountain 
of  Heliopolis.  Moutiancon  and  Dr.  Shaw  have  given  a  figure  of  it  The 
corb  is  represented  as  built  of  brick  or  cut  stone.  Curbs  wtre  generally 
Dusnve  cylinders  of  marble  and  mostly  farmed  of  tme  block,  bat  some- 
times of  two,  cramped  together  with  Iron.  Their  exterior  resembled 
round  altars.  Those  of  the  Creeks  were  ornamented  with  highly  wrou^t 
sculptures  and  were  about  twenty  ini^es  high.  Eoman  curbs  were  ge- 
ner^y  plain,  but  one  has  been  found  in  the  street  of  the  Merenries  at 
Pompeii,  beautifully  ornamented  widi  triglypbs.  To  these  curbs  Juvenal 
spears  to  allude  ; 

Ob ',  bow  much  nura  devontl;  ibaiild  we  clinf 

To  Ihouglita  that  bover  nniDd  the  sncred  spring, 

Were  it  itlU  nniginei  with  iti  native  green. 

And  not  a  nurble  near  Ifas  spot  were  Men.  Sot.  iii,30    nmftsia 

ThU  Roman  wells  vrere  generally  protected  by  curbs,  appears  also  from 
a  remark  nf  the  elder  Pliny :  "  at  Cades  the  fountain  next  to  the  temple  of 
Hercules,  is  enclosed  about  like  a  welL"  B.  ii,  97.  Dr.  Sliaw  mentions  se- 
veral Roman  wells  with  corridors  round,  and  cupolas  over  them,  in  variooa 
parts  of  Mauritania.  Trav.  237,  Mr.  Dodwell  describes  the  rich  onrb  of 
a  Corinthian  well,  ten  figures  of  divinities  being  carved  on  tL  Such  deco- 
rations he  says  were  common  to  the  soored  wells  of  Greece. 
•  In  various  parts  of  Asia  and  Kgypt,  the  finest  columns  have  been  bro- 
ken and  hollowed  out  to  s^ve  as  curbs  to  wells;  and  in  some  instuioes, 
the  eapitdU  of  splendid  shatts  may  be  seen  appropriated  to  the  same  pur- 
pose. Although  such  scenes  are  anything  hut  pleasant  to  the  enlightened 
traveler,  the  preservation  of  valnable  fragments  of  antiquity  has  been  se- 
cured by  these  and  similar  applications  of  them.  Tfaey  certainly  are  less 
■abject  to  dostruGtioD,  as  curbs  of  wells,  than  when  employed,  like  the 
fine  Corinthian  capital  of  Parian  marble,  which  Dr.  Shaw  observed  at 
Anew,  '  a«  a  bh>ck  for  a  blacksmith's  mvU.'  Trav.  29,  30. 
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A  description  of  aome  celebnted  irells  may  here  be  uueited,  u  we 
s}i&ll  have  occasion  to  refer  to  them  hereafter.  Jacob'*  weU,  is  one  of 
the  most  ancient  and  intereating.  Through  a  period  of  thirty-fiTe  cen- 
turies it  has  been  used  by  that  patHarch's  deaeendants,  and  distinguished 
bv  his  name.  This  well  is,  as  every  reader  of  scripture  knows,  near  Sy- 
char,  the  ancient  Sktchem,  on  the  road  to  Jemsalem,  and  has  been  visited 
by  pilgrims  in  all  ages.  Long  before  the  christian  era,  it  was  greatly  re- 
vered, and  subsequently  it  has  been  celebrated  on  account  of  the  inter- 
view which  the  Savior  had  with  the  woman  of  Samaria  near  iL  Its  lo- 
cation according  to  Dr.  Clarke  is  so  diadnctly  marked  by  the  Evangelist, 
and  so  little  liable  to  uncertainty  from  the  circumstances  of  the  well  itself, 
and  the  features  of  the  country,  that  if  no  tradition  existed  for  its  identity, 
the  site  of  it  could  hardly  be  mistaken. 

The  date  of  its  construction  may,  for  aught  that  is  known  to  the  con 
trary,  extend  far  beyond  the  times  of  Jacob;  for  we  are  not  informed  thai 
it  was  digged  by  bim.  As  it  is  on  land  wbicb  he  purchased  for  a  leiidenee, 
"of  the  sons  of  Hamor  the  father  of  Shecbem,"  and  was  in  the  vieiinQ 
of  a  Canaanitish  town;  it  may  have  been  constructed  by  the  fomMf 
owners  of  the  soil,  and  probably  was  so.  The  woman  of  Samaria  when 
conversmg  with  the  Savior  respecting  it,  asks  '  Art  ihou  greater  than  our 
father  Jacob  who  gave  us  the  well,  and  drank  thereof  himself,  his  children 
and  cattle  T"  John,  iv,  12.  She  does  not  say  he  dug  it.  This  famous 
well  is  <me  hiaidred  tatdfivt  feet  deep,  and  nine  feet  m  diamtUr,  and  when 
Maundrell  visited  it,  it  contained  fifWn  feet  of  water.  Its  great  an- 
tiquity will  not  appear  very  extraordinary,  if  we  reflect  that  it  is  bored 
through  the  solid  rock,  ana  therefore  could  not  be  destroyed,  except  bv 
an  euthquake  or  some  other  convulsion  of  nature ;  indeed  wells  or  dus 
description,  are  the  most  durable  of  all  man's  labors,  and  may,  for  anght 
we  know,  last  as  long  as  the  world  itsel£ 

The  well  ZemxfiH  at  Mecca,  may  be  regarded  as  another  very  ancient 
one.  It  is  considered  by  Mahometans  one  of  the  three  holiest  things  in 
the  world,  and  as  the  source  whence  the  great  progenitor  of  the  Arabs 
was  refreshed  when  he  and  his  mother  left  lys  father's  house.  "  Sbe  saw 
m.  well  of  water,  and  she  went  and  filled  the  bottle  with  water  and  gave 
the  lad  to  drink."  Gen.  xxi,  19.  This  well,  the  Caaba  and  the  Uu^ 
■tone,*  were  connected  with  the  idolatry  of  the  ancient  Arabs,  centnriea 
before  the  time  of  MahomeL  The  Caaba  is  said  to  have  been  built  by 
Abraham  and  Isbmael,  and  it  is  certain  that  their  names  have  been  con- 
nected with  it  from  the  remotest  ages.     Dtodorus  Siculus,  mentions  it  as 
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being  Keld  in  Treat  reneration  by  the  Arabs  tn  his  time.  [50,  B.  C]  Hw 
ceretnoniea  itUl  performed,  of  "  encircling  tbe  Caaba  seven  dmes,  kissing; 
tbe  black  atone,  and  drinking  of  the  water  of  the  well  Zemzem,"  bj  the 
pilgrims,  were  practices  of  tlie  ancient  idolaters,  and  which  MaboiQeC,  as  an 
adroit  polititnan,  incorporated  into  his  system,  when  unable  to  repress 
them.  The  conduct  of  the  pilgrims  when  approaching  this  well  and 
drinking  of  its  water,  has  direct  reference  to  Uiat  of  Hagar,  and  to  her 
feelmgs  when  searching  for  water  to  preserve  the  life  of  her  expiring 
■on. 

If  we  reflect  on  the  infinite  value  of  wells  in  Svria— on  the  jealous  care 
with  which  they  have  always  been  preserved — that  while  they  afforded 
good  water,  they  could  never  be  lost — that  Mecca  is  one  of  the  most  an- 
cient cities  of  the  world,  the  supposed  Mesa  of  tbe  scnptores,  Gen.  X,  30, 
— and  that  this  well  is  the  only  one  in  the  (Mty,  whose  waters  con  be 
drunk : — we  cannot  but  admit  the  poasibiH^  at  least,  that  it  is  the  ideati< 
cal  one,  as  the  Arabs  contend,  of  whose  waters,  Ishniael  and  his  mother 
partook. 

We  are  not  aware  that  any  modem  audior  has  had  an  opportunity  of 
closely  examining  it ;  it  being  death  for  a  christian  to  enter  the  Caaba. 
Burckhardt  viuted  the  vmpte  in  the  disguise  of  a  pilgrim,  but  we  believe 
he  bad  not  an  opportuni^  to  ascertain  any  paracnlan  relating  to  its  depth, 
tec  Purcbas,  Quoting  Barthema,  who  visited  Mecca  in  1503,  says  it  is 
"three  score  ana  ten  yards  deepe,"  [210  feet,]  "thereat  stand  sixe  or 
ewbt  men,  ^pointed  to  draw  water  for  tbe  people,  who  af^r  th«r  seveo- 
fbld  ceraroonie  come  to  the  brinke,"  See.  Pil.  p.  306.  In  Crichton's  His- 
tory of  Arabia,  Ed.  1833.  Vol.  ii,  218,  this  weU  is  said  to  be  fi%-«x  feet 
to  the  aur&ce  of  the  water.  The  curb  is  of  fine  white  marble,  five  feet 
high,  and  seven  feet  eightinchesinits  interior  diameter.  la  the  317th  year  of 
the  Hegira,  the  Karmatiatis  slew  seventeen  thousand  pilgrims  within  the  cur- 
cumference  of  the  Caaba,  and  filled  this  famous  well  with  the  dead  bo- 
dies;— they  also  carried  off  the  Slack  Stone. 

Jobbfb's  wxIiL. — The  most  remarkable  well  ever  made  by  man,  is  Jo- 
seph's well  at  Cairo.  Its  magnitude,  and  the  skill  displayed  in  its  con- 
atrucdon,  which  is  perfectly  unique,  have  never  been  surpassed.  AH 
travelers  have  spoken  of  it  with  admiration. 

This  stupendous  well  is  an  oblong  square,  twenty-four  feet  by  mghteen] 
being  sufficiently  capacious  to  admit  within  its  mouth  a  moderate  sized 
bouse.  It  is  excavated  (of  these  dimenuons,)  through  solid  rock  to  the 
depth  of  one  hundred  aiid  sixn-five  feet  where  it  is  enlarged  into  a  capa- 
cious chamber,  in  the  bottom  of  which  is  formed  a  baon  or  reservoir,  to 
receive  the  water  raised  from  bdtno,  (for  this  chamber  is  not  the  bottom 
of  the  welL)  On  one  side  of  die  reservoir  another  aba&  is  continued,  one 
hundred  and  thirty  feet  lower,  where  it  emerges  through  tbe  rock  into  a 
bed  of  gravel,  in  which  the  water  is  found.  The  whole  depth,  being  two 
hundrea  and  ninety-seven  feet.  The  lower  shafl  is  not  in  the  same  ver- 
tical line  with  the  upper  one,  nor  is  it  so  large,  being  fifteen  feet  by 
nine.  As  the  water  is  first  raised  into  the  bann,  by  means  of  ma- 
ohinery  propelled  by  horses  or  oxen  wtCAM  tA«  ehmiiier,  it  may  be 
asked,  how  are  these  animals  conveyed  to  that  depth  in  this  iremendooi 

C't,  and  by  what  means  do  they  ascend  1     It  is  tbe  solution  of  this  prob- 
m  that  renders  Joseph's  well  so  peculiarly  interesting,  and  which  indi- 
cates an  advanced  state  of  tbe  arts,  at  the  period  of  its  construction. 

A  spiral  passage-way  is  cat  through  the  rock,  from  the  sorface  of  the 
gronna  to  the  i^amber,  independent  of  the  well,  round  which  it  winds 
with  so  gentle  a  descent,  th*t  persons  sometimes  ride  up  or  dovn  upon 
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H9Mor  mules.  It  ia  nx  feet  fburio- 
ches  wid«,  and  aeren  feet  two  iochea 
high.  Between  it  and  the  interior  of 
the  well,  a  wall  of  rock  ia  left,  to  pre- 
vent peraons  falling  into,  or  eveo  look- 
ing down  it,  (which  in  aome  coaea  would 
beei^ually  fual,)  except  throogh  certun 
opening!  or  windows,  by  ineauB  of  which, 
it  ia  faintly  lighted  from  the  Interior  of 
the  well:  h^  this  passage  the  aniinala 
deacend,  which  drive  the  machinery  that 
raiaea  (he  water  from  the  lower  shaft 
into  the  reserrair  or  basin,  from  which 
it  ia  again  elerated  by  similar  machinery, 
and  other  oxen  on  the  surface  of  the 
ground.  Sa  Jigntr.  In  the  lower  shaft, « 
path  is  also  cut  down  to  the  water,  but  as 
no  paitition  ia  led  between  itand  the  well, 
it  is  extremely  perilous  for  strangers  Id 
descend. 

The  square  openings  represented  on 
each  aide  of  the  upper  shat^  are  sec- 
tions of  the  spiral  passage,  and  the  zig- 
ng  lines  indicate  its  direcdon.  The 
wheels  at  the  top  carry  endless  ropea, 
the  lower  parts  of  wmch  reach  down 
to  the  water ;  to  these,  earthenware  va< 
aes  are  secured  by  ligatures,  see  A,  A, 
at  equal  distances  through  the  whole  of 
their  length,  so  that  when  the  machinery 
is  moved,  these  vessels  ascend  full  of 
wsiter  on  one  side  of  the  wheels,  dis- 
charge it  into  troughs  as  they  pass  over 
them  and  descend  in  an  inverted  po- 
sition on  the  other.  For  a  further  de- 
scription of  this  apparatus,  see  the  chap- 
ter on  the  chain  tif  poU. 

This  celebrated  production  of  former 
times,  it  will  be  perceived,  resembles  aa 
enormous  hollow  screw,  the  centre  of 
which  rortna  the  well,  and  the  threads,  a 
winding  stair-case  round  it.  To  erect 
of  granite  a  flight  of  "  geometrical"  or 
"  well  stairs,"  two  or  three  hundred  feet 
high,  on  the  surface  of  the  ground, 
would  require  extraordinary  skill ;  al- 
though in  the  execution,  evei^  aid  from 
rules,  measures,  and  the  light  of  day, 
would  guide  the  workmen  at  every  step; 
but  to  begin  such  a  work  at  the  top, 
and  construct  it  dowmeard*  by  excava- 
tion alone,  in  the  dark  bowels  of  the 
earth,  is  a  more  arduous  undertaking, 
especially  as  deviations  from  the  correct 
lines  could  not  be  remedied ;  yet  in  Jo- 
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aeph's  well,  the  partita  of  rock  between  the  pit  and  the  pasMge-way, 
and  the  uniform  inclination  of  the  latter,  leem  to  have  been  ascertained 
with  equal  precision,  aa  if  the  whole  had  been  oonatructed  of  cut  atone  on 
the  surface.  Wa*  the  pit,  or  the  paasage,  formed  fint;  or  were  they  simul- 
taneously carried  on,  and  the  excavated  masses  from  both  borne  up  the 
laiter  1  The  extreme  thinness  of  the  partition  wall,  excited  the  aotonisb- 
ment  of  M.  Jomard,  whose  accoimt  of  the  well  is  inserted  in  the  lecond 
volume  of  Memoirs  in  Napoleon's  great  Work  on  Egypt,  part  2fld,  p, 
691.  It  is,  according  to  hun,  but  sixteen  centimetres  thick,  [about  six  in- 
ches!] He  justly  remaika  that  it  must  have  required  singular  care  to 
leave  and  preserve  ao  amall  a  portion  while  excavating  die  rock  from  both 
•ides  of  it  It  would  seem  no  stronger  in  proportion,  than  sheets  of 
pasteboard  placed  on  edge,  to  support  one  end  of  the  stairs  of  a  modem 
built  house,for  it  should  be  borne  in  mind,  that  the  maauve  roof  of  the  spiral 
passage  *txt  the  well,  has  nothing  but  thia  film  of  rock  to  support  i^ 
or  to  prevent  such  portions  from  falling,  as  are  loosened  by  fissures,  or 
such,  as  from  changes  in  the  direction  of  the  strata,  are  not  firmly  united 
to  the  general  mass.     But  diis  is  not  all:  thin  and  insnlEcient  as  it  may 

.  seem,  the  bold  designer  has  pierced  it  through  its  whole  extent  with  semi- 
circular openings,  to  admit  light  from  the  well :  those  on  one  aide  are 
■hown  in  the  figure. 

Opinions  respecting  the  date  of  Ale  weQ  are  exceedingly  various.  Fo- 
cocke  thotight  it  was  built  by  a  vizier  nsmed  Joseph,  ei^t  hundred  yean 
ago ;  other  authorities  more  generally  attribute  it  to  Saladin,  the  intrepid 
defender  of  his  country  against  the  hordas  of  European  savages,  who,  un- 
der the  name  of  crusaders,  spread  rapine  and  carnage  through  his  land. 
His  name  was  Yussef,  [Joseph.]  By  the  common  people  of  Egypt,  it 
has  long  been  ascribed  to  the  patriarch  of  that  name,  and  their  tt^aditiona 
are  often  weU-foanded ;  of  which  we  ^aJl  give  an  example  in  the  ac- 
count of  the  Stnape.  Van  Sleb,  who  visited  Egypt  several  times  in  the 
17th  century,  says,  some  of  the  people  in  his  time,  thought  it  was  di^ed 
by  spirits,  aikd  he  adds,  "  I  am  almost  inclined  to  believe  it,  for  I  cannot 

'  conceive  how  man  can  compass  so  wonderful  a  wijrk."*  This  mode  of 
accounting  fer  ancient  irorks  is  conunon  among  ignorant  people,  and  may 
be  considered  as  proof  of  their  great  antiqui^.  Dr,  Robertson,  in  speak- 
ing of  ancient  monuments  in  India,  remarks  that  they  are  of  such  high 
anUqiuty,  that  as  the  natives  cannot,  either  from  history  or  traditian,  give 
any  informatiou  concerning  the  time  in  which  they  were  executed,  3iey 
universally  ascribe  the  formation  of  them  to  superior  beinga,''  Some  wri- 
ters believe  this  well  to  have  been  the  work  of  a  more  scientific 


any  of  the  comparatively  modem  possessors  of  Egypt — in  other 
1,  they  think  it  the  production  of  the  same  people  that  built  the  py- 
ramids and  the  unrivalled  monuments  of  Thebes,  Dendarah  and  Ebsam- 


bouL  Lastly,  Cairo  ie  supposed  by  others,  to  occupy  the  site  of  Egyp- 
tian Babylon,  and  this  well  is  considered  by  them,  one  of  the  remains  of 
that  ancient  city.  Amidst  (his  variety  of  opinbns  respecting  its  origin,  it 
is  certain,  that  it  is  every  way  worthy  of  the  ancient  mechamcs  of  Egypt; 
and  in  its  magnitude  exhibits  one  ot  the  prtMuinent  features  which  cna- 
ncterize  all  their  known  productions. 

Why  was  this  celebrated  well  made  oblongt  Its  designer  had  cer- 
tunly  hia  reasons  for  iL  May  not  this  form  have  been  intended  to  en- 
lighten more  perfectly  the  mterior,  by  sooner  receiving  and  retaining 
longer  the  rays  of  the  sunl     To  what  point  of  the  compass  its  longest 
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ndea  ocnncide,  has  not,  that  we  are  awai«  of,  been  recorded.  Should  thejr 
prove  to  be  in  the  direcdon  of  the  rising  and  eetliDg  sun,  the  reuon  sug- 
gested, may  possibly  be  the  true  one. 

In  Ogilvy'a  Afiic&,  it  is  remarked  that  at  the  last  ci^  to  the  south  of 
Eg^t,  "  ii  a  deep  well,  into  whose  bosom  the  sun  shines  u  noon,  while 
he  passes  to  and  again  through  the  northern  signs."  p.  99.  This  is  the 
■sme  well  that  Sowio  mentions  at  Syene,  which  marked  the  summer  sol- 
stice— the  day  was  known,  when  the. style  of  the  sua  dial  cost  no  shade  at 
noon,  and  the  vertical  sun  darted  his  rays  to  the  bottom  of  the  well.  It 
was  at  Syene,  that  Eratosthenes,  SSO  B.  C.  made  the  first  attempt  to 
measure  the  circumference  of  the  earth — and  to  the  same  ci^,  the  poet 
Jnvenal  whs  banished. 

ERTLKCTtONB  OH  ANCIKKT  WELLfl. 

Before  leaving  this  part  of  the  subject,  it  may  be  remarked  that  an- 
cient wells  ore  of  very  hi^  interest,  masmuch  as  many  of  them  are  the 
only  memorials,  that  have  come  down  to  us,  of  the  early  inhabitants  of 
the  world;  and  they  differ  from  almost  all  other  monuments  of  man  in 
fomier  limes ;  not  only  in  their  origin,  design,  and  duration,  but  above  all, 
in  their  ctilitv.  In  this  respect,  no  barren  monument,  of  whatever 
magnitude  or  material,  which  ambition,  vanity,  or  power,  has  erected,  at 
the  expense  of  the  labor  and  lives  of  the  oppressed,  can  ever  be  com- 
pared with  them.  Such  monuments  are,  with  few  exceptions,  proofs  of  a 
people's  Bufierings;  and  were  generally  erected  to  the  basest  of  our  spe- 
cies :  whereas  ancient  wells  l^ve,  through  the  long  series  of  past  a^s, 
continually  alleviated  human  woe;  and  bave  furnished  man  with  one  of 
nature's  b«st  gifts  without  the  least  alloy. 

It  would  dffiost  appear,  as  if  the  divine  Being  had  established  a  law, 
by  which  worlu  of  pure  beneficence  and  real  udhly  should  endure  almost 
Ibr  ever;  while  those  of  mere  magniGcence,  however  elaborately  con- 
structed, should  in  time  pass  away.  The  temple  of  Solomon — his  golden 
house,  ivoiy  palaces,  ana  splendid  gardens  are  wholly  gone ;  but  the  plain 
cisterns,  which  he  built  to  supply  his  people  with  water,  remain  almost  as 
perfect  as  ever.  Thus  the  pnde  of  man  is  punished  by  a  law,  to  which 
the  most  favored  of  mortals  formed  no  exception. 

An  additional  interest  is  attached  to  several  wells  and  fountains  of  the 
old  world,  from  the  frequent  allusion  to  them  in  the  Scriptures,  and  by 
the  clasHMl  writers  of  Oreece  and  Rome.  In  addition  to  those  already 
named,  the  following  may  be  noticed.  When  the  Israelites  left  Egypt, 
"  they  came  to  EHn*,  where  were  twelve  wells  of  water,  and  three  score 
and  ten  palm  trees."  Now  die  Grove  of  Elim  yet  flourishes;  and  its 
fountains  have  neither  increased  nor  diminished,  since  the  Israelites 
encamped  by  them.*  Modem  travelers  in  Palestine  oflen  allay  their 
thirst  at  the  well  which  belonged  to  the  birth  place  of  David,  the  "  Well 
of  Bethlehem,"  whose  waters  he  so  greatly  preferred  to  all  others.  The 
inhabitants  of  Coi,  drink  of  the  same  spring  which  Hippocrates  used 
tweuiy-threa  hundred  years  ago;  and  their  tradidons  still  connect  it  with 
his  name.  The  nymphs  of  Scyroi,  another  island  in  the  Egean,  in  the 
early  ages  assembled  at  a  certain  fountain  to  draw  water  for  domesdc 
uses.  This  fountain,  says  Dr.  Clarke,  exists  in  its  original  state ;  and  is 
Ktill  the  same  rendezvous  u  formerly,  of  love  or  of  gaUantry,  of  gossip- 
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ping  and  tale  telling.  Young  women  may  be  seen  coming  ttotn  it  in 
groups,  and  singing,  with  vases  on  their  heads,  precisely  as  represented 
on  ancient  marbles.  It  was  at  Scyros  where  yormg  Achilles  was  concealed 
to  prevent  his  going  to  the  Trojan  war.  He  was  placed  among,  sjid  habited 
like,  (he  daughters  of  Lycomedes;  but  Ulvsses  adroitly  discovered  him, 
by  offering  for  sale,  in  the  disguise  of  a  peeler,  &  fine  suit  of  armor,  among 
tnnkets  for  women. 

Heliopolis,  the  city  of  the  Stm,  the  Ow  of  (Jeneeia,  of  which  JoiepVs 
father-in-la.w  was  governor  and  priest,  and  whose  inhabitants,  according 
to  Herodotus,  (ii.  3.)  were  the  most  ingenious  of  t\\  the  Egyptians,  and 
where  the  philosophers  of  Greece  assembled  to  acquire  "  the  wisdom  of 
Egypt,"  was  famous  for  its  fountain  of  excellent  water: — this  fountain, 
with  a  solitaiy  obelisk,  is  all  that  remains  to  point  out  the  place  where 
that  splendid  ci^  stood. 

Aqueducts,  fountains,  cisterns  and  wells,  are  in  numerous  instances  the 
only  remains  of  some  of  the  most  celebrated  citiei  of  the  ancient  wvrld. 
or  Heliopolis,  Syene  and  Babylon  in  Egypt;  of  Tyre,  Sidon,  Palmyra, 
Nineveh,  Carthage,  Utica,  Barca,  and  many  othen ;  and  when,  in  the  course 
of  future  ages,  the  remaining  portals  and  columns  of  Persepolis  ara 
entirely  decayed,  and  its  sculptnres  crumbled  to  dust :  its  cisterns  and 
wtd  aqueduct  (both  hewn  out  of  the  rock)  will  serve  to  excite  (he  curi- 
osity of  future  antiquaries,  when  «'ery  other  monument  of  the  city  to 
which  they  belonged  has  perished.  The  features  of  nature,  says  Dr. 
Clarke,  continue  £e  same,  though  works  of  art  may  be  done  away :  the 
'beautifht  gate'  of  the  Jerusalem  temple  is  no  more,  but  Siloah's  Foun- 
tain ttill  flows,  and  Redron  yet  tnurmnn  in  the  Valley  of  Jehoshapbat. 
According  to  Chateaubriand,  the  Pool  of  Betfaesda,  a  reservoir,  one  hun- 
dred and  fifty  feet  by  for^,  constructed  of  targe  stones  cramped  widi 
iron,  and  lined  with  flints  embedded  in  cement,  is  the  only  specimen  r^ 
tniining  of  the  ancient  architecture  of  that  city. 

Ej^wius,  too,  is  no  more;  and  the  temple  of  Dtanft,  that  accordingto- 
Fliny  was  220  years  in  building,  and  upon  which  was  lavished  the  talent 
wid  treasure  of  the  east;  the  pride  of  all  Asia,  and  one  of  the  wonders 
of  the  world,  has  vanished;  while  the  fountains  which  furnished  the  dti- 
Eens  with  water,  remain  as  Ireih  and  perfect  as  ever.  And  as  a  tremen- 
dous eadre  on  aU  hnman  grandeur,  it  may  be  remarked,  that  a  few  solitaiy 
marUe  sarcophagi,  which  once  enclosed  the  mighty  dead  of  £phesus, 
have  been  preserved — but  as  wUering  trotaiktfor  came  /■  Cisterns  have 
been  discovered  in  the  oldest  citadels  c^  Greece.  The  JvmUaina  o^ 
BtxtHofiaM  KK  perhaps  tlie  onij/  objects  remaining,  that  can  be  relied  on, 
in  locating  the  palace  of  Priam  and  the  site  of  andent  Troy.  And  the 
well  near  the  outer  walls  of  the  temple  of  the  sun  at  Palmyra,  will,  in 
all  probability,  furnish  men  with  water,  when  other  rttfies  of  Tadmor  in 
-  the  wilderness  have  disappeared.* 

To  conclude,  a  great  number  of  the  weQs  of  the  ancient  world  still 
supply  man  with  water,  although  their  histoty  generally,  is  Ibet  in  the 
night  of  time. 


•  Mr.  Addwon,  in  bis  JMune;  lontfaw 
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Aa  'wells  are  among  tlie  moit  ancient  of  man'a  labors,  that  are  extant 
in  the  old  world,  might  w«  not  expect  to  find  some  on  thew  continents, 
reHcs  of  those  races,  who,  in  the  unknown  depths  of  time,  are  supposed 
to  have  cultivated  the  arts  of  civilization  hore  %  We  might :  and  true  it  ia 
that  among  the  proofs  that  a  populous  and  much  more  enlightened  people 
dian  the  Indiana  have  ever  been,  were  at  one  time  the  posseBaors  ol  Ame- 
lica,  anciaU  wtUt  have  been  adduced.  "From  the  highest  point  of  the 
Ohio,  savB  Mr.  T.  Flint,  to  where  I  am  now  writing  (St.  Charles  on  the 
Missouri  and  &r  up  the  upper  Sfisaissippi  and  iH^saouri,  the  more  the 
couitDy  IS  explored  and  peopled,  and  the  more  its  surface  is  penetrated, 
not  only  are  there  more  mounds  brou^t  to  view,  but  more  incontesdble 
marks  of  a  numerous  population.  Wells,  aktipicially  walled,  dif- 
ferent structures  of  convenience  or  defence,  have  beatjmuid  M  gucA  mcin- 
hert,  at  no  longer  to  exeiU  curiotUy." 

But  Afneriant  antiquities  were  so  novel,  bo  unlooked  for,  and  so  insu- 
lated from  those  of  the  old  world,  that  learned  men  were  ereatly  per- 
plexed at  their  appearance  t  and  at  a  loss  to  account  for  their  on^.  This 
u  still,  ia  a  groat  measure,  the  case.  A  mystery,  hitherto  impenetrable, 
hangs  over  the  primeval  inhabitants  of  these  continents.  Who  they  were, 
and  whence  they  came,  are  problems  that  have  hitherto  defied  all  die  re- 
searches of  antiquarians.  Kothicg,  perhaps,  but  the  increasing  occnpa- 
tion  of  the  soil,  and  eioavationa  which  civihzation  induces,  will  eventually 
jietermine  the  question,  whether  these  antiquitaes  are  to  be  attributed  to 
European  settlers  of  the  sijtteenth  century;  to  the  enterprifling  Scaudinsr 
vians,  the  North  Mai,  who,  centuries  before  the  voyages  of  Columbus  and 
ihe  Cabols,  visited  the  shores  of  New  England,  New  York  and  the 
-Jeiseys ;  or  whether  some  of  them  did  not  belong  to  an  indigenous  or 
Cuthite  race,  who  inhabited  those  prolific  re^ons,  in  times  when  the 
jnastodon  and  mammoth  and  megalonix  were  yet  in  the  land. 

No  one  can  reflect  on  the  myriads  of  our  species  who  have  occupied 
.this  half  of  the  globe — perhaps  from  ttmes  anterior  to  the  flood — without 
longing  to  know  something  of  their  history  ;  of  their  plwsical  and  intel- 
lectual condition;  their  languages,  manners  and  arts;  of  the  revolutions 
-through  which  they  passed ;  and  especially  of  those  circumstances  which 
caused  them  to  disappear  before  the  progenitors  of  the  present  red  men. 
The  suluect  is  one  oi  the  most  interesting  that  ever  exercised  the  human 
mind.  It  is  calculated  to  excite  the  most  thrilling  sensalioni,  and  we 
have  ofLen  expressed  our  surprise,  that  one  of  the  most  obvious  and  pro- 
mising sources  of  information  has  never  been  sufficiently  investigated  : 
we  alladB  to  ancient  wells,  a  doie  exat/Unatio%  of  t^ich,  might  lead  to 
discoveries  equally  interesting,  and  far  more  important,  than  taose  which 
resulted  from  a  similar  examination  of  Ctrecian  wells.  Dr.  Clarke  says, 
that  "Vases  of  Terra  Cotta,  of  the  highest  laUi^viiy,  have  been  found  in 
cleansing  the  wells  of  Athens."* 

Some  persons  may  peiliaps  suppose  the  old  wells  in  the  western  parts 
of  (his  continent,  to  be  the  work  of  Indians  j  but  these  people  have  never 
been  known  to. make  any  thing  like  a  regular  well.     Mr.  Catlin,  the  artist, 

■A  Roman  w(dl  ms  diicoTered  in  the  Mventeentti  centniv,  neai  dio  grsBE  road 
wbieb  leid<  ta  Culide,  in  England.  Initead  of  beiiu  walled  ap  nith  nons,  it  nu 
lined  with  laige  casks  oi  hogsheads,  six  feet  deep,  and  mada  of  pine.  The  well  was 
covered  with  aok  plank  nine  inebes  thick.  In  it  were  fbnnd  «nu,  MuUmg  n^l,  —»■ 
daU  amd  Aott  the  lolei  of  ^licfa  were  alitehed  and  Mibd  HiiL  Tnuu.  Xowthotp's 
Abridg.  iii,  431. 
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wbo  spent  mghr  vean  among  tbou  on  tha  uwer  v&ters  of  die  Mians- 
^pi  and  Missmm,  and  anothergentleman  wbo  had  lon^  been  east  of  tb« 
Rocky  mountains,  among  the  Flat  Heada,  and  other  tribes  towards  the 
Pacific,  both  inform  na  that  tbe  wild  and  untutored  Indiana  never  have 
recourse  to  wells.  They  in  fact  have  no  need  of  them,  ss  their  villages 
««  invariably  located  on  the  borders  or  vicinity  of  rivers.  In  some  eases 
of  suiTering  m>m  thirst  while  traveling,  they,  in  common  with  other  sava- 
ges, eometimes  scrape  a  hole  in  sand  or  wist  soil,  to  obtain  a  temporary 
supply. 


CHAPTER    VIII. 


Wb  ara  now  to  examine  the  modes  practised  by  the  ancientA,  in  ob- 
t^ing  water  from  wells.  When  the  iirst  simple  excavadona  became  so 
far  deepened,  that  the  water  coold  no  longer  be  reached  by  a  vessel  in 
the  hand,  some  mode  of  readily  procuring  it  under  such  circumslances 
would  Boon  be  devised.  In  all  cases  of  moderate  depth,  the  most  simpla 
and  efficient,  was  to  form  an  inclJiked  plane  or  passage,  &am  the  surface 
of  the  ground  to  that  of  the  water ;  a  device  by  which  the  principal  ad- 
▼atsges  of  an  open  spring  on  the  surface  were  rettuned,  and  one  by  which 
domestic  animals  could  procure  water  for  themselves  without  the  aid  or 
attendance  of  man.  There  is  reason  to  believe  that  this  was  one  of  tbe 
primitive  methods  of  obtaining  tbe  liquid,  when  it  was  but  a  abort  dis- 
tance below  the  sur&ce  of  the  ground ;  and  was  most  likely  impercep- 
tibly introduced  by  the  gradual  deepening  of,  or  eulargiiig  the  cavities  of 
natural  springs,  or  artiiiciat  excavations. 

But  when  m  process  of  time,  these  became  too  deep  for  exterior  pas- 
sages of  this  kind  to  be  convenient  or  practicable,  the  wells  themselves 
were  enlarged,  and  stairs  or  steps  for  descending  to  the  water,  constructed 
vniJoM  them.  The  circumstances  recorded  in  Genesis,  xxiv,  induce  us  to 
believe  that  the  well  at  which  Kliexer,  the  steward  of  Abnjiam,  met  Ite- 
becca,  was  one  of  these.  When  the  former  arrived  at  Nahor,  he  made 
his  camela  "  to  kneel  down  without  the  ci^  by  a  well  of  water,  at  the 
time  of  the  evening  that  women  go  out  to  dra^v  water :  and  Rebecca 
came  out  with  her  pitcher  upon  her  shoulder — and  she  went  dovm  to  the 
well,  and  filled  her  pitcher  and  cam^  %p."  Had  any  machine  been  attached 
to  this  well,  to  raiae  its  water,  or  had  a  vessel  suspended  to  a  cord  been 
used,  she  could  have  had  no  occasion  to  descend.  It  therefore  appears 
that  the  liquid  was  obtained  by  immersing  the  pitcher  in  it,  and  in  order 
to  do  this,  the  persons  '  went  down'  to  the  water.  That  this  well  wb4 
not  deep,  may  be  inierred  from  the  fact  that  Rebecca  drew  water  suS- 
^ent  to  qnen^  the  thirst  of  ten  camels,  for  it  is  said,  she  supplied  them, 
"  till  the^  had  done  drinking ;"  a  task  which  no  young  femaJe  could  have 
aoeompbihed  in  the  time  implied  in  the  text,  if  tnis  well  had  been  even 
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tnodenitely  deep,  and  one  which  under  all  circamstanees  was  a  laborious 
performance;  ixir  these  animals  take  a  prodigious  quantin  of  wuter  at 
a  dme,  sufficient  to  last  them  from  ten  to  twenty  days.  Bliezer  might 
i^rell  wonder  at  the  ingenuous  and  benevolent  disposition  of  Rebecca,  and 
eveiy  reader  of  the  account  is  equally  surprised  at  his  insensibilty,  in  per- 
mitting her  to  perform  the  labor  unaided  by  himself  or  his  attendantB. 

Wells  widi  stairs  by  which  to  deacend  to  the  water,  are  stilt  common. 
The  inhabitants  of  Ariieko  In  Abyssinia,  are  supplied  with  water  from  six 
wells,  which  are  twen^  feet  deep  and  fifteen  in  diameter.  The  water 
is  collected  and  carried  up  a  hrokat  aieaa  by  men,  women  and  childreu.* 
Fryer  in  his  Travels  in  India,  p.  410,  speaka  of  "  deep  wells  many  fathom 
under  ground  with  ttatdy  tUme  itain."  Joseph's  well  in  Egypt  is  ano- 
ther example  of  stairs  both  within  and  without  Bishop  Heber  observed 
one  in  Benares,  with  a  tower  over  it,  and  a  "  steep  flight  of  steps  for  de- 
scending to  the  water."  Forrest,  in  his  Tour  along  the  Ganges  and  the 
Jumna,  sava,  "near  the  village  of  Futtehpore,  is  a  Urge  well,  ninety  feet 
in  circumterence,  with  a  broad  stone  staircase  to  descend  to  the  wUOr, 
which  might  be  about  thir^  feet"  Mr.  Forbes,  in  his  Oriental  Memtnrs, 
remarks  mat  "  many  of  the  Guzzerat  wells,  have  steps  leading  down  to 
the  water;  while  others  have  not."  In  a  preceding  page,  we  quoted  a 
passage  from  Ward's  History  of  the  Hlitaoos  to  uie  same  effect  Ta- 
vemier,  speaking  of  the  scarcity  of  water  in  Persia,  says,  of  wells  tfaey 
have  a  great  many,  and  he  describes  one  vrith  steps  down  to  the  water.^ 
"  We  passed  a  large  and  well  built  tank,  with  tw?  ftighti  of  ttept  de- 
scending into  it,  at  the  opposite  angles,  possibly  thepool  of  Hebron,  where 
David  hanged  tie  murderers  of  Ishboshetfi."'  The  fountain  of  Siloam 
is  reached  by  a  descent  of  tkirty  steps  cut  in  the  solid  rock. 

The  Bmall  quantity  of  water  furnished  by  some  w^lls,  rendered  a  de- 
scent to  it  desirable,  and  hence  it  was  of^n  collected  as  fast  as  it  appeared, 
by  women  who  often  waited  for  that  purpose.  "  That  which  pleased  me 
most  of  all,"  says  Fryer,  p.  126,  "  was  a  sudden  surprise,  when  they 
brought  me  to  the  wrong  side  of  a  pret^  square  tank  or  well,  with  a  wsD 
of  stone  breast  hirfi;  when  expecting  to  find  it  covered  with  water, 
looking  down  five  fathom  deep,  I  saw  a  clvtUr  of  women,  vei^  handsome, 
toaUing  the  distilling  of  the  water  from  its  dewy  sides,  whicn  they  catch 
in  jars.  It  is  cnt  out  of  a.  black  marble  rock,  up  almost  to  the  top,  with 
broad  steps  to  ^  ({ouiN.  Mr.  Addison  in  his  'Journey  Southward  from 
Damascus,'  says,  "  at  the  fountain  near  D'jenneen,  the  women  used  thoir 
h^idt  as  ladles  to  fill  their  pitchers.  This  scarcity  of  water,  and  the  prac- 
tice of  scooping  it  up  in  small  quantities,  are  referred  to,  by  both  sacred 
and  profane  authors.  "  They  came  to  the  pits  and  found  no  water,  they 
returned  with  their  vessels  empty."  Jer.  xiv,  3.  "  There  ahall  not  1» 
foand  of  it  a  sherd,  [a  potter's  vessel,]  to  take  fire  from  the  hearth,  or  to 
take  water  out  of  the  pit," — that  is,  to  scoop  it  up  when  too  shallow  to 
immerse  a  vase  or  pitcher  in  it  Isaiah,  iii,  14.  St  Peter  speaks  of  wells 
'  without  water,'  and  Hosea,  of  '  fountains  dried  np.' 

Tb«  nater  DTinpba  bmenttbeir  amptf  nraa."    Omd,  Ibl.  U,  ZJH. 
The  inhabitants  of  Libya,  where  the  wells  oflen  contain  little  water, 
"  draw  it  out  in  little  buckets,  made  of  the  shank  bones  of  the  camel.*" 

Wells  with  stairs  are  not  only  of  very  remote  origin,  but  they  appear 
to  have  been  used  by  all  the  nations  of  antiqui^.  They  were  common 
among  the  Greeks, and  Romans.*     The  well  mentioned  oy  Fausanias,  of 
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-which  we  hfcve  spoken  in  a  previous  chapiter,  hu  stepi  which  lead  down 
to  ihe  water.*  The  well  for  the  purificaidon  of  worshippers,  in  the  tem- 
ple of  lais,  in  Pompeii,  has  a  descent  by  steps  to  the  water.<>  The  welli 
of  Tbra«e,  had  ^neratly  a  covered  flight  of  steps.'  Ancient  wells  of 
Bimilar  constracuon  are  still  to  be  seen  in  various  parts  of  Europe.  Then 
is  one  near  Hempstead,  Eng.  for  the  protection  of  which,  an  act  of  par^ 
liament  was  passed  in  the  reign  of  Henrr  VIII. 

Such  wells,  probably  gave  rise  to  the  beautiful  circular  stairs  so  com- 
mon in  old  towers,  and  stiU  known,  as  '  well  stairs.' 

In  Gralveston,  (Texas,)  and  other  parts  of  America,  where  there  are  no 
springs,  cisterns  are  sunk  in  the  sand  between  hillocks,  into  which  the 
surface  water  drains,  and  steps  are  formed  to  lead  down  to  it. 
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However  old  and  numerous  wells  with  st^rs  within  them  may  be, 
most  of  the  ancient  ones  were  constructed  without  them ;  hence  the  ne- 
cessity of  some  mode  of  raising  the  water.  From  the  earliest  ages,  a 
vessel  nujiejtded  to  a  cord,  has  been  used  by  all  nations — a  device  more 
simple  and  more  extensively  employed  than  any  other,  and  one  which  was 
tmdoubledly  the  ?erm  of  the  moat  useful  hydraulic  machines  of  the  an- 
cients, as  the  chain  of  pots,  chain  pump,  &«.  That  a  cord  and  bucket 
were  used  to  raise  water  from  Jacob's  well,  nineteen  centuries  ago,  is 
evident  from  the  account  of  the  interview,  which  the  Savior  had  with  the 
woman  of  Samaria  at  it.  "  Then  cometh  he  to  a  city  of  Samaria,  called 
Sichar ;  now  Jacob's  well  was  there,  and  Jesus  being  wearied  sat  on  the 
well ;  and  there  cometh  a  woman  of  Samaria  to  draw  water;  Jesus  saith 
unto  her,  give  me  to  drink."  Had  any  machine  been  attached  to  this  well 
at  that  time,  by  which  a  traveler  or  stranger  could  raise  it,  he  could  have 
procured  it  for  himself;  and  as  he  was  thirsty,  he  probably  would  have 
done  BO,  without  waiting  for  any  one  to  draw  it  for  him  ;  but  the  reason 
why  he  did  not,  is  subsequently  explained  b^  the  woman  herself;  who, 
in  replying  to  one  of  his  remarics,  the  meanmg  of  which  she  misappre- 
hended, said  "  Sir,  thou  hast  nothing  to  draw  with,  and  the  well  is  deep." 
This  well,  as  alreadyremarked,  is  one  hundred  and  five  feet  deep.  Hence 
at  that  period  every  one  carried  the  means  of  raising  the  water  with  him. 
No.  9.  of  the  illustrations,  is  a  representation  of  the  woman  of  Samaria 
drawing  water.  It  is  from  a  Greek  illuminated  manuscript  of  the  12th 
century,  from  D'Agincourt's  Storia  Dell' Arte. 

It  is  still  the  general  practice  in  the  east,  for  any  one,  who  goM  to 

•For.  Top. 196.        ^Paoipeii,  i,  377.        ° H7dnali8, 166. 
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draw  water,  to  cany  a  vessel  and  cord  with  liiro,  a  custom  wliich  without 
doubt,  hu  prevailed  there  since  the  patriarchal  ages.  This  was  the 
opision  oi  Mahomet,  whose  testimony  on  such  a  subject  is  unexceptiona- 
ble. He  was  an  Arab — a  people  who  pride  themselves  on  the  preserva- 
tion of  the  castomB  of  their  celebrated  ancestors,  Abraham,  Ishmael,  and 
Job.  In  hU  account  of  Joseph's  deliverance  from  the  pit,  into  which  his 
brethren  had  cost  him,  (and  which  many  commeDtators  believe  was  a 
well,  which  at  the  time  contained  little  or  no  water,)  he  says  :  "  Certain 
travelers  came,  and  sent  one  to  draw  water,  (who  went  to  the  well  in 
which  Joseph  was,)  and  he  let  down  hit  hucket,"  &c.  Koran,  chap.  xiL 
This  account  is  perfectly  consistent  with  that  of  Moses.  Josephus,  also, 
•eema  to  have  believed  it  to  be  a  well :  "  Reubel  took  the  lad  and  tied 
him  to  a  cord,  and  let  him  down  gently  into  the  pit,  for  it  had  no  water 
M  it."     Audq.  B.  u.  3. 

At  3  o'clock,  (says  Mr.  Addison  in  his  "Journey  Southward Jrom 
Damascu*,")  we  rode  to  a  well  (in  approaching  Cana  of  Galilee)  in  a 
field,  where  an  Arab  was  watering  his  goats.  There  was  a  long  stone 
trough  by  the  side  of  the  well,  and  ihia  was  lilled  with  water  by  means 
of  a  leathern  bucket  attached  to  a  rope,  which  the  Arab  carried  ahout 
mth  him,  ibr  the  convenience  of  himself  and  his  herds.  It  was  just  such 
a  scone  as  that  described  in  Genesis :  "  And  behold  a  well  in  the  field,  and 
lo,  there  were  three  flocks  of  sheep  lying  by  it,  for  out  of  that  well  they 
watered  their  flocks,  and  a  ereat  stone  woa  upon  the  well's  mouth. 
Among  the  ruins  of  Mizra,ia  the  great  plain  of  Jezreet,  the  same  traveler 
observes :  "  Surprised  at  the  desolate  aspect  of  the  spot,  I  rode  with  my 
servant  to  a  well  a  few  yards  distant,  where  two  solitary  men  were 
watering  their  goals,  by  means  of  a  leatiiem  bvfket  attached  to  a  rope ; 
and  dismounting,  I  sat  on  the  stone  at  the  well's  mouth."  Mr.  Forbes, 
aiier  a  residence  of  many  years  in  Asia,  said  he  "  did  not  recollect'  any 
wells  furnished  vrith  buckets  and  ropei  for  the  convenience  of  strangers ; 
most  travelers  are  therefore  provided  toith  them  ;  and  halcarrae  ana  reli- 
gious pilgrims  frequently  carry  a  small  brasB  pot  affixed  to  a  long  string 
for  this  purpose." 

In  ancient  Alexandria,  where  the  arts  were  cultivated  and  science 
flourished  to  an  extent  perhaps  unequaled  in  any  older  city,  water  waa 
drawn  up  from  the  dsteme,  with  which  every  house  was  provided,  with 
the  simple  cord  and  bucket.  This  city  was  supplied  with  water  from  the 
Nile  :  it  was  admitted  into  vaulted  reservoirs  or  cisterns,  which  were 
constructed  at  the  dme  the  foundations  of  the  city  were  laid  by  Alexander. 
They  were  snffioiently  capacious  to  contain  water  for  a  whole  year,  being 
filled  only  at  the  annual  inundation  of  the  river,  through  a  canal  made  for 
die  purpose.  Apertures  or  well  openings,  through  which  the  water  was 
raised  from  these  reservoirs,  ore  still  to  be  seen.  "  Whole  lines  of  ancient 
Streets  are  traceable,"  (says  Lord  Lindsay,  Travels,  Letter  S.)  "  hy  the 
wel/t  recurring  mery  ttx  or  teven  yards  :  by  which  the  contiguous  houses, 
long  since  crumbled  away,  drew  water  from  the  vast  cisterns  with  wluch 
the  whole  city  was  undermined." 

"  Every  house,"  says  Rollin,  "  had  au  opening  into  its  cistern,  like  the 
mouth  of  a  well,  dirough  which  the  water  was  taken  up  either  in  buckets 
or  pitchers."  It  may  De  said,  this  last  quotation  is  not  conclusive,  since 
it  does  not  indicate  the  manner  in  which  the  bucket  was  elevated — by  a 
windlass  1  a  pulley  1  or  by  the  hand  alone  t  We  have  satisfactory  evi- 
dence that  it  was  by  the  latter.  The  pavement  of  the  old  city  is  from  ten 
to  thirty  feet  below  the  surface  of  the  modern  streets,  and  excavations  are 
frequently  mode  by  the  Pasha's  workmen,  for  the  stones  of  the  old  pave- 
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nent  aad  of  die  tnifldinga.  In  this  muuier  the  marble  months  of  the 
Tiolted  reMiToirs  or  ciatenu  are  frequently  brought  to  ligtt ;  St.  John's 
E^^pt,  Tol.  i.  8  :  %nd  they  itwariably  exhibit  tnuxt  of  the  ropu  used  for 
rauiDg  the  water.  Groove*  are  found  wor«  in  tAem,  (by  the  ropes)  to  the 
depd)  of  two  inches,  and  such  grooves  are  often  numerous  in  each  curb  or 
month.  Dry  wells  are  built  over  some  of  these,  and  continued  to  the 
level  of  the  preient  streets.  Throngb  them  the  inhabitants  still  draw- 
water  from  the  ancient  reservoirs ;  and  in  the  same  manner  as  it  was 
raised  from  them  when  the  Ptolemies  ruled  over  the  land.  A  person  in 
raising  the  bucket,  stands  at  a  short  diBtance  from  the  curb  or  mouth,  and 
pulls  the  rope  horizontally,  or  nearly  so,  towards  him.  In  diis  way,  the 
rope  mit  agamtt  the  lap  and  wuti2e  of  the  curb,  and  in  time  wears  deep 
grooves  in  it,  such  as  are  found  in  the  ancient  ones  just  mendoneo. 
Sometimes,  in  order  to  avoid  the  friction,  and  consequent  loss  of  power 
and  wear  of  the  ropes,  the  person  drawing  would  stand  on  the  edge  of  the 
cnrb,  so  as  to  keep  die  cord  clear ;  but  the  practice  is  too  perilous  ever  to 
have  been  generaL  It  is,  however,  practised  occasionally  by  the 
Kndoos. 

£1  Makin,  the  Arabian  historian,  says  that  Modach,  the  Vizier  of  Rhadi, 
who  was  deprived  of  his  right  hand  and  hia  tongue,  and  was  confined  in 
k  lower  room  of  the  palace,  where  was  a  well ;  and  having  no  person  to 
attend  him,  he  drew  water  for  himself,  pulling  the  rope  with  his  left  hand, 
and  stopping  it  with  his  teeth,  till  the  bucket  came  within  his  reach." 
This  was  in  the  tenth  century.  Martigny's  History  of  the  Arabians,  vol. 
IT.  7,  The  wells  on  the  rosd  to  Qaza,  noticed  by  Mr.  Stephens,  had  their 
upper  surfaces  farmed  of  marble,  which  he  obderves  had  many  grooves 
ctu  in  it,  "  apparently  being  worn  by  the  long  continued  use  of  ropes  in 
dtmwing  water."     Incidents  of  Travel,  vol.  ii.  102. 

That  the  same  mode  of  rainng  it  was  adopted  in  the  puhlic  wells  of  the 
ancient  ei^es  of  Greece  and  Rome,  is  evident  from  those  of  Herculaneum 
and  Pompeii;  and  from  diacoveries  made  in  the  latter  city,  it  is  obvious 
that  it  was  practised  in  obtaining  water  from  the  wells  and  cisterns  of 
pnvaU  hotuet.  This  is  a  very  interesdng  fact  in  connection  with  onr 
subject,  as  it  shows  conclusively  that  the  pump,  if  used  at  all  by  the  Ro- 
mans in  their  private  houses,  it  was  only  to  a  vet?  limited  extent.  In 
1B34,  besides  theatres,  baths,  temples  and  other  public  buildings,  ei^^ 
houses  had  been  disinterred.  These  were  found  to  be  almost  uniformly 
provided  with  cisterns,  built  under  ground  and  cemented,  for  the  collecdon 
of  rain-water.  £ach  of  these  has  an  opening,  enclosed  in  a  curb,  through 
which  the  water  was  drawn  up.  These  are  generally  formed  of  a  white 
calcareous  stone,  Ms  vMeh  art  to  be  tetn  deep  cheameU,  (Pompeii,  vol.  i. 
86,)  like  those  on  the  mouths  of  the  Alexandrian  cisterns,  and  produced 
from  the  same  cause — the  friction  of  the  ropes  used  in  dra^wine  the  water. 
The  hypnthnun,  says  Sir  William  Getl,  in  bis  description  of  the  house 
of  the  Dioscuri,  in  this  case  served  as  a  complnvium  ;  )-eceiving  the  water 
which  fell  from  the  roof,  and  transmitting  it  to  a  reservoir  below,  to  which 
there  is  a  marble  month  or  puteal,  exhibiting  the  traces  of  long  use,  in  the 
furrows  wom  by  Ae  rape*,  by  which  the  water  was  drawn  up.  Pompei- 
ana.  vol.  ii,  27. 

The  great  variety  of  iraildings  to  which  wells  and  cisterns  having  thdr 
eurhs  Ouu  worn  were  attached,  show  that  this  mode  of  raising  water  was 
nearly  universal  in  FompeiL  The  simple  eord  and  bucket  was  equally 
used  in  the  palace  of  die  qutestor,  and  l}ie  humble  dwelliae  of  the  private 
citizen.  It  was  by  them,  the  priests  drew  water  for  l£e  uses  of  the 
temples,  and  mecbonics  fbr  r«rious  purposes  in  the  arts.    Bakert  thus 
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raised  water  for  their  kneadiog-trouglu,  from  cisUnu  or  wella  ander  the 
floor  of  their  ahopa.  Three  bakere'  shopa.at  least,  ba.ve  been  found,  uxl 
all  of  them  in  a  toler^Ie  state  of  preservation  :  their  mills,  oveui,  knead- 
ing  troughs,  flour,  loaves  of  bread,  (with  their  quality,  or  the  bakers' 
names  stamped  on  them,)  leaven,  vesAels  for  containing  ivater,  and  their  re- 
servoirs of  the  latter,  &:c.  have  been  discovered,  so  as  to  leave  ^moM 
nothing  wanting  to  perfect  our  knowledge  of  this  art  among  the  Romans. 
It  is  probable  chat  welli  were  not  infrequent  in  the  mterwr  of  the  bou»es 
in  Pompeii,  for  another  one  was  discovered  in  the  house  of  a  medical 
man,  as  presumed  bamdiintrgieal  in$tntmtnU  found  in  it* 

The  custom  of  Roman  bakers  having  wells  or  cisterns  within  their 
housoa,  continued  to  modern  times.  When  the  Royal  Academy  of  Sd- 
ences  of  France,  undertook  in  the  last  century,  the  noble  taak  of  pub- 
lishing a  detailed  account  of  all  the  useful  arta,  with  a  view  to  their  uni- 
veraal  difiuuon  and  peipetuity — the  baker  is  represented  drawing  water 
from  a  well,  under  the  Door  of  his  shop,  and  in  a  manner  anaiiigauB  to 
diat  practised  by  his  predecessors  of  Pompeii.''  London  bakers  also  bad 
'wells  in  their  cellars,  for  the  same  purpose,  and  probably  still  have  them 

The  inhabitants  of  the  city  of  Aleppo,  the  metropolia  of  Syria,  drew 
water  from  their  cisterns  or  subterraneous  reserroirs,  and  alao  from  their 
welts,  widi  which  '  almost  every  house'*  was  provided,  with  a  cord  and 
bucket,  in  the  same  manner  as  the  Bgypdans  of  Alexandria ;  and  so  do 
the  inhabitants  of  Soar,  which  occupies  the  «te  of  andent  Tyre,  a  town 
which  contained  in  1816,  according  to  Mr.  Buckingham,  nght  huiulred 
stone  built  houses,  most  of  which,  he  observes,  had  wella.  Ancient  Car- 
thage was  built  like  Alexandria,  upon  cisterns— a  common  practice  of 
old.  The  modem  inhabitants  of  Arzew,  the  ancient  Arsanaria,  as  observed 
by  Dr.  Shaw  in  his  Traveb,  dwell  in  the  old  cisterns,  as  in  ao  many  ho- 
vels; the  water  from  which,  was  doubtless  drawn  in  former  times,  by  the 
simple  cord  and  bucket — the  wdvertai  impioMenU  stUl  used  throughout 
Sgypt,  Falesdne,  Syria,  Asia  Minor,  Persia,  Hindoatan,  and  generally 
through  all  the  easL  This  primeval  device  for  raising  water,  has  been 
used  m  all  ages,  and  will  doubtless  continue  to  be  so  used,  to  the  end  of 

An  interesting  larcuinstance  is  recorded,  respecting  ao  individual,  who, 
^m  his  occupation  in  ancient  Athens,  was  named  the  '  Well-Drawer,' 
which  may  here  be  noticed.  This  was  Cleaothes,  a  native  of  Lydia,  who 
went  to  Athens  as  a  wrestler,  about  300  B.  C.  and  acquiring  a  taste  for 
philosophy  there,  determined  to  place  himself  under  the  tmtion  of  some 
eminent  philosopher,  although  he  possessed  no  more  than  four  dntchma, 
or  sixty -two  cents !  He  became  a  disciple  of  Zeno,  and  that  he  might  have 
leisure  to  attend  the  schools  of  philosophy  in  the  d^-time,  he  drew  'water  by 
mght,  as  a  common  laborer  in  the  pubhc  ^dens.  For  several  years  be  was 
•o  very  poor,  that  he  wrote  the  heads  ca  his  master's  lectures,  on  bonea 
and  shells,  for  want  of  money  to  buy  better  materials :  at  last,  some  Athe- 
nian citizens  observing,  that  though  he  appeared  strong  and  healthy,  he 
had  no  visible  means  of  subsistence,  summoned  him  before  the  Areopagus, 
according  to  a  law  borrowed  from  the  Egyptians,  to  give  an  account  of 
his  manner  of  living.  Upon  this,  he  produced  the  gardener  for  whom  he 
drew  water,  and  a  woman  for  whom  he  ground  meal,  as  witnesses  to 
prove  that  he  subsisted  by  the  labor  of  his  hands.     The  judges,  we  are 
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told,  were  ao  much  •track  with  admiratioa  of  his  conduct,  that  they  or- 
dered  ten  amiub,  [one  hundred  and  sixty  dollara]  to  be  paid  him  out  of  the 
public  treasury. 

The  conduct  oS  Cleanthea  explHioB  iLe  secret  of  the  great  celebrity  of 
many  ancient  philoflophen,  and  ahowa  the  onlf/  meiuis  by  which  eminenoa 
in  any  department  of  human  knowledge  can  be  acquired :  viz.  by  iMdiulry 
and  perteverwKe.  Besides  hia  pover^,  which  of  itself  was  suMcient  to 
paralyze  the  cfibrts  of  moat  men,  he  was  so  singularly  dull  in  apprehen- 
sion, that  his  fellow  disciples  used  to  coll  him  ihe  aa;  but  resolution  and 
apphcabon  raised  him  above  tbem  all,  made  him  a  complete  master  of 
the  stoic  philosophy,  and  qualified  him  as  successor  of  the  illustrious  Zeno. 
Democritus  beautifully  expressed  the  same  sentiment,  by  represendne 
Truth  as  hid  in  the  bottom  of  a  well;  to  intimate  the  difficulty  with  which 
she  is  found. 

Anologious  to  the  conduct  of  Cleantbcs,  was  that  of  Piauius,  the  poet, 
who  being  reduced  from  c<»npetence  to  the  meanest  poTerty,  hired  nina- 
self  to  a  baker  as  a  common  laborer,  and  while  employed  in  grinding 
com,  exercised  his  mind  in  study.  The  same  may  be  remarked  of  Ascte- 
piades  and  Menedemus,  two  Grecian  philosophers,  who  were  both  so 
poor,  that  at  one  period,  they  hired  themselves  as  hriddayer's  loiorart, 
and  were  employed  in  carrying  mortar  to  iba  tops  of  buildings.     Asclo- 

E'odes,  was  not  ashamed  to  be  seen  thus  engaged,  but  hia  companion  "hid 
maelf  if  he  saw  any  one  passing  by."  AUieiuatu,  says  they  were  at 
one  time  summoned,  hke  Cleanthes,  before  the  Areopagites,  to  account 
for  their  manner  of  living — when  they  requested  a  miller  to  be  sent  for, 
who  testified  that  "  they  come  every  night  to  his  mill,  where  they  labored 
and  gained  tteo  drachma." 

No.  8,  in  the  last  engraving,  represents  a  modem  Greek  female  drawing 
water.  It  is  from  a  sketch  of  Capo  D'lstrios'  house.  See  the  Westminster 
Review  for  September,  1838. 

CISTBBN  POLE. 

This  simple  implement,  may  be  thought  too  in- 
significant to  deserve  a  particular  nodce,  but  as  it 
is  extensively  nsed  in  our  rain-wftter  cisterns,  and 
is  no  modern  device,  we  are  unwiUing  to  pass  it. 
It  was  known  to  the  Romans.  Pliny  expressly 
mentions  it,  when  speaking'  of  various  modes  of 
watering  gardens.  Re  says  water  is  drawn  from 
a  well  ortank,"  by  plain  pdes,  books  and  buckets," 
B.  xix,  4  ;  and  that  it  was  a  dlcmw^  implement  in 
old  times  as  at  present,  in  raising  water  from 
cisterns,  is  proved  by  the  discovery  of  some  of 
the  hook*  at  Pompeii.  Lard.  Arts,  kc.  i,  205. 
Having  mendoned  the  rain  water  cisterns  of  the 
Romans,  it  may  be  observed,  that  ihey  were  aa 
common  in  Pompeii  as  they  are  in  this  city,  every 
house  having  been  furnished  with  one. 

As  Pliny's  account  of  these  cisterns  may  be 
useful  to  tome  mechanics,  especially  masons,  we 

^^^^^    ;  shall  make  no  apology  for  insertmg  it,     "  The 

•^BSw^M^^"""^  walls  were  lined  with  strong  cement,  farmed  of 

Mall).  CHUimFoh.  five  poTts  of  sharp  sand,  and  two  of  quicklime 

mixed  with  flints ;  the  bottom  being  paved  with 
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dte  same,  and  -well  beaten  with  as  iroa  nttnaer."  B.  xxxvi,  23.  HollEmd'i 
Traiu.  The  composition  of  this  cement,  differs  from  thai  which  Dr. 
Shaw  says  has  been  used  in  modem  times  in  the  east ;  and  which  he 
thinks  is  the  same  as  that  of  the  ancienta.  He  says  the  cisterns  which 
^rere  built  by  Stdtatt  hcH  Eglib,  in  several  parts  of  the  kingdom  of  Tunis, 
■re  equal  in  solidity  with  the  famous  ones  at  Carthage,  continuing  to  this 
day  (unless  where  they  been  designedly  broken,)  ad  firm  and  compact, 
as  if  they  were  just  finished.  The  composition  is  made  in  this  manner: 
thev  take  two  part«  of  wood  ashes,  three  of  lime,  and  one  of  fine  sand, 
which  after  beitir  well  sifted  and  mixed  together,  they  beat  for  three 
days  and  nights  incessaudy  with  wooden  mallets,  aprinklinf  them  alter- 
nately and  at  proper  times,  with  a  little  oil  sjid  water,  till  they  become 
of  a  due  consistence.  This  composition  is  chiefly  used  in  their  arches, 
ciitems  and  terraces.  Bat  the  pipes  of  their  aqueducts,  are  joined  by 
beating  tow  and  lime  together,  with  oil  only,  without  any  mixture  of  water. 
Both  uese  compositions  quickly  assume  the  hardness  of  atone,  and  suffer  no 
■water  to  pervade  them,  Trav.  866, 

If  the  Romans  wished  to  have  water  perfectly  pure,  they  made  two 
and  sometimes  three  cisterns,  at  different  levels ;  so  that  the  water  suc- 
ceMively  deposited  the  impurities  with  which  it  might  be  charged. 
Prom  this,  we  see  that  the  recent  introduction  of  two  cisterns  for  the 
same  purpose,  in  some  of  our  best  houses,  is  a  pret^  old  conoivance. 
It  in  fact  dates  far  beyond  the  Roman  era.  The  famous  cisterns  of  So- 
h)nion  are  examples  of  it.  Rain-water  was  frequently  boiled  by  the  Ro- 
mans before  they  used  it.  Pliny  ixxi,  3.  This  was  also  an  ancient  prac- 
tice among  older  nations.  Herodotus,  says  the  water  of  the  Choaspes, 
which  was  drunk  by  the  Persian  kings,  was  previously  boiled,  and  kept 
ill  vessels  of  silver.    B.  i,  188. 


CHAPTER     IX. 

na  Pallvi  lu  arlflB  —kMw    UmJ  la  (k 
AiHd  In  EfTpl-^nlMbly  Int  umI  to  nlH  ntar— Not  eitn 

iidifiliii(  Ihgm  tp  lUi  parpoH,  in  Ui>  hmL    riil1a}>  ud  In  bnekau :  UmI  b;  Ibi  Anfls  Bui 
le  of  niaiDf  ntar  lo  ippn  Bugn— Diwf  nlisi'i  nods— Seir^etlsf ,  o 


FtTLLBX  ANn  BINOLK  BUCKET. 

Wb  now  come  to  the  period  when  some  of  the  simple  machines,  or 
mechanical  powers,  as  they  are  improperly  named,  were  applied  to  raise 
water.  What  this  first  took  place,  is  unknown  t  That  it  waa  at  an  early 
Mage  in  the  progress  of  the  arts,  few  persons  will  doubt;  but  the  ''~--  — 
9  uncertain,  as  diat    of  the   invention  of  ihose  admirable  c 


for  transmitting  and  modifying  forces.  It  was  among  the  devices  by 
which  the  famous  structures  of  antiquity  were  raised ;  and  Egyptian  en- 
gineers under  the  Pharaohs,  were  undoubtedly  acquainted  wilJi  all  iho 
combinations  of  it  now  known.  Had  Vitruviua  neither  described  it,  nor 
ntenUoned  its  applications,  a  circumstance  which  occurred  at  the  close  of 
Cleopatra's  life,  would  have  sufficiently  proved  its  general  use,  in  the 
srecuon  of  elevated  buildingt  under  the  Ptolemies.     The  Egyptian  queen, 
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to  avoid  faUlng  into  the  huida  of  Octavins,  took  refiige  in  a  very  \uA 
tower,  accesBible  only  from  abore.  Into  this,  she  ancl  her  two  muds, 
drew  up  Antony,  (who  had  given  himself  a  &tal  wound,)  by  means  of 
ropes  tind  pullies,  which  happened  to  be  there,  for  the  purpose  of  raising 
stones  to  the  top  of  the  builainp.  But  the  pulley  was  an  essential  re- 
quisite in  the  sailing  vessels  of  Egypt,  India  and  China,  in  the  remotest 
ages.  Neither  tra^ng  ships,  nor  the  war  fleets  of  Sesostris,  or  previoas 
warriorB,  could  have  Ijaversed  die  Indian  ocean  without  this  appendage  to 
raise  and  lower  the  sails,  or  quickly  to  regulate  their  movements  by  hal- 
liards.  The  ancient  Egyptians,  says  Mr.  %V^ilkinson,  "  were  not  ignorant 
of  the  pulley."  The  remains  of  one  have  actuaUy  been  disinterred,  and 
are  now  preserved  in  the  museum  of  Leyden.  The  sides  are  of  atkvl 
or  tamarisk  wood,  the  roller  of  Gr:  part  of  the  rope  made  oileef  or  fibres 
of  the  date  tree,  was  found  at  the  same  time, 
is  supposed  lo  have  been  used  in  drawing  wat 
nncerl^n. 

There  are  reasons  which  render  it  probable  that  the  tingle  pulley,  waf 
devised  to  raise  water  and  earth  from  wells,  and  probabihty  is  all  ^at  can 
ever  be  attained  with  regard  to  its  origin.     But  may  not  die  pulley  hare 
been  known  h^ore  wells  %  We  think  not,  and  for  the  following  reasons ; 
1.  Moat  barbarous  people  have  been  found  in  possession  of  some  of  the 
latter,  but  not  of  the  former ;  and  in  die  infancy  of  the  arts,  man  has  in 
all  ages,  had  recourse  to  the  same  expedients,  and  in  the  »ame  order.     S. 
Wells  are  not  only  of  (he  highest  anbquity,  but  they  are  the  only  known 
works  of  man  in  early  times,  in  which  toe  pulley  could  have  been  re- 
^tared  or  applied.     3.  The  importance  of  w^ter  in  those  puts  of  Ana 
where  the  former  generadons  of  men  dwelt,  must  have  urged  thetn  at  an 
early  period  to  &ciUtate  by  the  pulley,  the  labor  of  raising  it     That  it 
preceded  the  invention  of  ships,  and  the  erection  of  lofW  buildings  of  stone, 
u  all  but  certun ;  but  for  what  purpose,  except  for  raising  water,  the  pul- 
ley could  have  previously  been  required,  it  would  be  diSicnlt  to  dinne. 
It  seems  to  have  been  the  first  addition  made  to  those  primitive  imple- 
ments, the  cord  and  bucket;  and  when  once  adopted,  it  naturally  led,  t* 
we  shall  find  in  the  sequel,  to  the  most  valuable  machine  which  the  an- 
cients employed.     By  it  the  friction  of  the  rop« 
in  rubbing  agiunst  the  curb,  and  the  consequent 
loss  of  a  portion  of  the  power  expended  in  raising 
the  water,  were  avoided,  and  by  it  also  a  beneficial 
change  in  the  direction  of  the  power,  was  attained : 
instead  of  being  exerted  in  an  ascending  direction, 
as  in  Nos.S  and  9,  it  b  applied  more  conveniently 
and  efHciently  in  a  descending  one,  as  in  the  figure. 
Notwithstanding  the  obvious  advantages  of  using 
the  pulley,  it  would  appear  that  it  was  not  exten- 
sively used  in  the  public  wells  of  the  ancients,  ex- 
cept in  those  from  which  the  water  was  raised  by 
i  oxen.     No  example  of  its  use  has  occurred  in  the 
No.  It.  PBU<r  ud  BiukM.   wells  of  Herculaneum  or  Pompeii.     Nor  does  it 
appear  to  have  been  employed  to  any  great  extent 
by  the  Greeks ;  for  with  them,  a  vessel  by  which  to  draw  water,  was  as 
necessary  a  uteniil  to  their  mendicants,  as  to  the  modern  pilgrims  and  fa- 
kirs of  Asia.     The  poorest  of  beggars,  Aristophanes'    TeUpheiu,  had  a 
staff,  a  broken  cup,  and  a  bucket,  although  it  leaked.     This  custom  there- 
fore of  carrying  a  vessel,  and  cord  to  draw  water,  shows  that  no  per- 
manent one  was  attached  to  their  public  wells,  which  would  have  beoa 
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llie  cate  Iwd  tlie  pultov  baea  used.  If  *uch  had  been  the  cnttom,  nai' 
ther  the  mendic&nt  T^phens,  nor  I>iogeiies  the  philosopher,  wcniJd  have 
carrieii  about  with  them,  vessels  for  rhe  purpose. 

It  is  not  easy  to  account  far  the  parual  rejecaon  of  the  pulley  by  the 
Giveks  in  raising  water,  when  its  introductiaii  would  have  matenally  di- 
minished haman  labor.  It  certainly  did  not  arise  from  ignorance  of  its 
advantages,  as  their  constant  application  of  it  to  other  purposes,  attests ; 
and  there  is  reaion  to  believe,  they  adopted  it  to  some  extent  in  raising 
water  from  the  holds  of  their  ships,  in  common  with  the  maritime  peop£ 
of  Aua.  It  was  indeed  used  in  some  of  their  welts,*  but  only  to  a  linii- 
ted  extenL  The  principal  Tesson  for  not  employing  it  in  public  wells,  was 
probably  this — With  it,  a  single  person  only  could  draw  water  at  a  lime, 
while  without  it,  numbers  oould  lower  and  raise  dieir  vessels  simulta- 
neousEy,  without  interfering  with  each  other  In  the  former  case,  alter- 
cationa  would  be  frequent  and  unavoidable;  and  the  inconvenience  of 
numbers  of  people  waiting  for  water  in  warm  climates  a  serious  evil.  The 
rich,  and  thc^  who  had  servants  would  always  procure  it,  while  the  poor 
and  such  as  had  no  leisure,  would  obtain  it  with  difficulty.  The  large  dt- 
4imeUT  of  their  wells  and  those  of  other  nations,  it  would  aeem,  was  solely 
designed  to  accommodate  levM^  people  at  the  ssme  time.  These  rea- 
sons it  is  admitted,  do  not  apply  to  the  private  welb  and  cisterns  of  the 
Greeks  and  Romans,  in  whicn  the  pulley  might  have  been  used ;  but 
those  people  followed  the  practioe  of  older  nations,  and  from  the  great 
mimber  of  their  slaves,  (woo  drew  the  water)  they  had  no  inducement  or 
disposidou  to  lessen  their  labor. 

A  bucket  suspeaded  over  a  pulley,  is  still  exten^vely  used  in  raising 
water  from  wells  throughout  the  world.  The  Arabians  use  it  at  the  well 
Zemsem  ;  the  mouth  of  which,  is  "  surrounded  by  &  brim  of  fine  white 
marble  five  feet  high,  and  ten  feet  in  diameter ;  upon  this  the  persons 
stand, 'who  draw  water  in  leathern  buckets,  attached  to  puUeyt,  an  iron 
railing  being  so  placed  as  to  prevent  their  falling  in."^ 

Apparatus  precisely  similar  to  tbe  figure  in  No.  11,  are  used  by  the  Ja- 
panese and  ouier  Asiatics.     Montanus'  Japan.  894. 

Tbe  pulley  has  but  recently  given  place  to  pumps,  in  workshops  and 
dwellings,  and  in  these  only  to  a  limited  extent — being  confined  chiefly  to  a 
few  cities  in  the  United  States  and  Europe.  In  France  and  England,  it  was 
a  caramon  appendage  to  wells  in  the  interior  of  bouses,  during  tbe  last 
century ;  and  in  such  cases  it  is  still  extensively  used  throughout  Spain, 
Portugal  and  other  parts  of  Europe.  It  is  very  common  in  this  country, 
and  also  in  South  America. 

But  the  grand  advantage  of  the  pulley  in  the  early  ages  was  this  ; — by 
it  the  vMtical  direction  in  which  men  exerted  their  strength,  could  be  di- 
rectly changed  into  a  horisontal  one,  by  which  change,  animali  could  he 
employed  in  place  of  men.  The  wells  of  Asia,  frequently  varying  from 
two  to  three,  and  even  four  hundred  feet  in  depth,  obviously  required 
mme  than  one  person  to  raise  the  contents  of  an  onlinary  sized  vessel :  and 
where  numbers  of  people  depended  on  such  wells,  not  merely  to  sup- 
ply their  domestic  wonts,  but  for  tbe  purposes  of  irrigation,  the  substi- 
tution of  animals  in  place  of  men,  to  raise  water,  became  a  matter  almost 
of  necessity,  and  was  certainly  adopted  at  a  very  early  period.  In  em- 
ploying sn  ox  for  this  purpose,  the  simplest  way,  and  one  which  deviated 
the  least  &om  their  accustomed  method,  was  merely  to  attach  the  end  of 
tbe  rope  to  the  yoke,  af^er  passing  it  over  a  pulley  fixed  suflSciently 

■Linltnr'a  Arts,  Ac  i,  13S.  ^Crtcblon's  Anbis.  ii,  219. 
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high  above  the  month  of  the  well,  and  iheii  driving  the  animal  in  a  direct 
line  from  it,  and  to  a  distance  equal  to  its  depth,  when  the  bucket  charged 
with  the  hquid  would  be  raised  from  the  bottom.  This,  the  most  direct 
and  efficient,  was,  (it  ii  believed,)  the  identical  mode  adapted,  and  like 
Other  dericaa  of  the  ancients,  it  is  still  continued  by  their  aescendantj  in 
Africa  and  Asia.  Its  value  in  the  estimation  of  the  modems,  may  be 
learned  from  the  tact,  that  it  is  adopted  in  this  and  other  cities  for  raising 
coals,  kc.  from  the  holds  of  ships ;  for  which  and  Bimilar  purposes,  it  has 
been  in  oae  for  ages  in  Europe.  It  has  olio  been  used  to  work  pumpa, 
the  further  end  of  the  rope  being  attached  to  a  heavy  piston  woricing  In 
ft  Tery  long  chamber  or  cyUnder. 


This  was  probably  one  of  the  first  operations,  and  certainly  one  of  the 
moat  obvious,  where  human  labor  was  superseded  by  that  of  animals,  and 
in  accomplishing  it,  the  pulley  iuelf  was  perhaps  discovered.  Thin  mode 
IS  common  in  Kgypt,  Aralna,  India — through  all  Hindostan,  and  various 
other  parts  of  the  east.  Mr.  Elpbinstone  mentions  a  large  well  under  the 
walls  of  the  fort  at  Bikaneer,  from  fifteen  to  twenty-two  feet  in  diameter, 
and  three  hundred  feet  deep.  In  diie  well  Jitw  large  buckets  are  used, 
eaoh  thus  drawn  up  by  B.pair  of  oxen,  and  all  worked  at  the  same  time. 
When  any  one  of  them  was  let  down,  "its  striking  the  water,  made  a 
noise  like  a  great  gun."  But  simple  as  this  mode  of  raiung  water  by  animali 
is,  it  is  capable  of  an  improvement  equally  mmple,  thou^  not  perhaps  ob- 
vious to  general  readers.  It  was  not  however  len  to  modem  mechanicians  to 
discover,  but  is  one  among  hundreds  of  ancient  devices,  whose  origin  is 
lost  in  the  remoteness  of  time.  It  is  this — Instead  of  the  animal  receding 
from  the  well  on  level  ground,  it  is  made  to  descend  an  indited  plane,  so 
that  the  toeighi  of  its  body  contributes  towards  ruaing  the  load.  This  is 
characteristic  of  Asiatic  oevices.  At  a  very  eartv  period,  the  principle 
of  coni^»ing  the  nmgltt  of  men  and  animals  with  Uieir  nuttadaT  energy, 
m  propeUing  machines,  was  adopted.  We  shall  meet  with  other  exam- 
ples of  it 

rmAXI  AND  TWO  BttCKKTS. 

The  addition  of  another  bucket,  so  as  to  have  one  at  eadi  end  of  tbo 
rope,  was  the  nez.t  step  in  the  progress  of  improvement;  and  although  to 
simple  a  device  may  appear  too  obvious  to  have  remained  long  nnper- 
ceived,  and  one  which  required  no  stretch  of  intellect  to  accomplish,  it 
was  one  of  no  smalt  importance,  since  it  effected  what  is  seldom  witnessed 
in  practical  mechanics — a  saving  both  of  time  and  labor.  Thus,  by  i^ 
the  emp^  resiel  detoendod  and  oecame  filled,  as  the  other  waa  elevated. 
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(witkoat  the  expenditare  of  any  additional  dme  and  labor  to  lower  it,  M 
with  the  Btngle  bucket,)  while  its  weight  in  descending,  coouibuted  toward* 
raising  the  charged  one. 

These  advantages  were  not  the  only  results  of  the  simple  addition  of 
another  bucket;  though  they  were  probably  all  that  were  anticipated  by 
the  author  at  the  time.  It  really  imparted  a  neu  JeatMre  u>  the  apparatus, 
and  one  which  naturally  led  to  the  development  of  that  great  machine,  in 
which  terminated  all  the  improvements  of  the  older  mechanics  on  th« 
primitive  cord  and  bucket— and  to  which,  modem  ingenuitj'  has  added^ 
nothing — viz:  the  endlbsb  CHAIN  OF  FOT»— indeed  nothing  more  wu 
then  wanting,  but  to  unite  the  two  ends  of  the  rope  together,  and  attach 
a  namber  of  vessels  to  it,  at  equal  distances  from  each  other,  through  the 
whole  of  its  length,  uid  die  maclune  just  named  wu  all  but  complete. 


[Fnw  Hpukbnl  moBaBuli.] 

The  Anglo  Saxona  used  two  buckets  hooped  with  iron,  one  at  each 
end  of  a  chain  which  passed  over  a  pulley.*  And  in  the  old  Norman 
castles,  water  was  raised  by  the  same  means.  In  one  of  the  keept  or  tower*, 
sdll  remaining,  which  was  built  by  Grundulph,  bishop  of  Rochester,  in 
the  reigns  of  the  Conqueror  and  Witliatn  Rufiis,  the  mode  of  elevating 
the  water  is  obvious.  "  For  water,  there  was  a  well  in  the  very  middlt 
of  the  partition  uviZZ.-  it  was  also  made  to  go  through  the  whole  wall,  from 
the  bottom  of  the  tower  up  to  the  very  leads,  (i.  e.  the  roof)  and  on  every  ' 
floor  were  email  arches  in  the  wall,  forming  a  communicaidon  between 
the  pipe  of  the  wall,  and  the  several  apartments,  so  that  by  a  pulley, 
wutcr  was  communicated  every  where,"  And  in  Newcastle,  a  similar 
tower  exhibits  the  same  device  for  obtaining  the  water:  "a  remarkable 
pillar  from  which  arches  branched  out  very  beautifully  on  each  side,  in- 
closed a  pipe,  (that  is,  the  continuation  of  the  well,)  which  conducted 
water  from  the  welt."''  It  appears  to  have  been,  in  the  middle  ages,  the 
uniform  practice  to  enclose  welb  within  the  walls  of  towers,  that  in  case 
of  sieges,  the  water  might  not  be  cut  off.  It  was  the  same  in  early 
Rome :  the  capitol  was  supplied  by  a  deep  well  at  the  foot  of  the  Tar- 
peian  Rock,  into  which  buckets  were  lowered  through  an  artiBcial  groove 
or  passage  made  in  the  rock.'  The  double  bucket  Is  still  used  in  Inns  in 
Spun.     See  a  figure  in  SaL  Mas.  Vol.  vii,  58. 

A  simple  mode  is  practised  in  Italy,  by  which  a  person  in  the  upper  story 
of  a  house,  and  at  some  distance  from  the  weU  or  cistern,  (which  is  ge- 
nerally  in  the  court  yard,)  raises  water  without  being  obliged  to  descend. 

OiiD  end  of  a  strong  iron  rod  or  wire.  Is  fixed  to  the  house  above  the 
window  of  an  upper  landing  or  passage,  and  the  other  end  in  the  ground, 

■EMfs.  Antiq.  G84.       *Ibid,  GS.       "Qell'sTopoinphf  af  Room,  u,  S03. 
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on  the  &ithar  nde  of  the  well  and  in  a  line  with  its  centre  bb  in  No.  IS. 
A  ring  whicb  slides  easily  over  the  wire  is  secured  to  the  handle  of  di« 
bucket,  to  which  a  cord  is  also  attached  and  pasnes  over  a  pulley  fixed 
above  the  window.  Thus  when  the  cord  is  slackened,  the  bucket  de- 
scends along  the  wire  into  the  water, 
and  when  filled  is  drawn  np  by  a  per- 
I  son  at  the  window.  (Kitchens  in  the 
hongea  of  Italy,  like  those  of  London 
and  FariB  are  oflen  on  the  upper  floors.) 
*'  This  mode  of  raising  water  to  the  up* 
per  stories  of  houses  is  practised  in  Ve- 
nice and  some  other  towns  in  Italy."* 
We  are  not  acquainted  with  the  origin  of 
this  device.  From  the  circumstance  of 
the  ancient,  (as  well  as  the  modern)  in 
habitants  of  Asia,  Greece,  Italy,  ficc 
having  had  jets  d'eau  and  tanks  of  wa- 
ter in  the  centre  of  their  court-yards, 
it  is  passible  that  this  mode  of  ralring 
water  to  the  upper  floors  of  dwellings, 
may  be  of  ancient  date.  It  was  in  nse 
in  the  16lh  century,  and  is  described  in 
Serviere's  collection,  from  which  the 
figure  is  taken.''  In  the  same  work  ara 
devices  for  raising  water  in  buckets  to 
„    ,    -    . .  .the  tops  of  buildings  by  pulleys,  ropes. 

No.  IS.  IbUu  Boda  of  nliUi  waiar  latka.  '^        ,  ,  *       'li 

■pperfloonofiiniM.  «c-  moved  by  water  wheels. 

Of  modem  devices  for  raiwng  water 
with  the  pulley  and  bucket,  the  most  efficient  is  said  to  be  that  of  Dr. 
Desaguliers.  After  passing  the  rope  over  a  pulley,  he  suspended  to  its 
end  a  frame  of  wood  on  which  a  man  could  stand — the  bucket  at  the  other 
end  was  made  heavier  than  this  frame,  and  therefore  deiicended  of  itself. 
The  length  of  the  rope  was  such,  that  when  the  bucket  was  at  the  bottom, 
the  frame  was  level  with  the  place  to  which  the  water  was  to  be  raised. 
As  soon  as  the  bucket  was  filled  with  water,  for  the  admission  of  which 
a  hole  was  made  in  its  bottom,  and  covered  by  a.  flap  or  valve,  a  man, 
whose  weight  exceeded,  (with  the  frame)  that  of  the  bucket  and  water, 
stepped  upon  the  frame,  and  sunk  down  with  it  to  the  bottom,  and  con- 
sequently raised  the  bucket  of  water  to  the  required  height,  when  a  hook 
catched  in  ahasp  at  the  side  of  the  bucket,  turned  it  over,  and  discharged 
its  contents  into  the  reservoir.  As  soon  as  the  bucket  was  empty,  the 
man  at  the  bottom  stepped  off  the  frame  and  ran  up  a  flight  of  stairs  made 
for  the  parpose,  to  the  place  whence  be  descended ;  and  in  the  mean  time, 
the  bucket  being  heavier  than  the  frame,  descended  to  the  water,  and  was 
again  raised  by  the  same  process. 

Such  a  device  is  well  enough  for  philosophical  experiment,  but  is  cer- 
tunly  not  adapted  for  practical  pomoses.  Simple  as  it  may  appear, 
there  are  requisites  necessary  to  its  efficient  application,  which  in  coomion 
practice  are  nnattainable. 

•Cadelt'i  Jonmey  into  Camiola,  Italy,  Ax.    Edinburgii,  1830,  i,  481. 

^Recoeil  D'Oa*ngea  Corieui  de  HsdMinatiqne  el  de  Hechaniqne,  on  Dcacription 
Aa  Cabinet  ds  M.  OroUier  da  Berrrars,  itmi  dei  fijiarei  en  taille  doace,  per  H.  Grot- 
tier d«  Serrisre,  wn  petit  SU.    A  If  on,  1719.    'The  •ider  Berviere  died  in  the  17tli 
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SELP-ACTINa,  DB  OAININO  AND  LOSING 
r  part  of  the  16th, 


Id  the  latter  part  of  the  16th,  or  begimiiDg  of  the  17tli  century,  a  ma- 
chine for  raiaing  water,  was  in  use  in  Italy,  which  is  entitled  to  particular 
notice,  on  account  of  its  being  alleged  to  be  the  first  one  of  the  kind 
'which  was  Klf-aettKg ;  and  in  that  respect,  waa  the  forerunner  of  the 
motive  '  Fire  Engine'  itself  It  appears  to  have  been  first  described  by 
SchoCtuB  in  his  TaJmia  Onriota.  According  to  Moxon,  his  description 
iraa  taken  from  one  in  actual  operation  "at  a  nobleman's  house  at  Basil." 
(Mech.  Pow.  107.)  But  Belidor,  says  the  first  one  who  put  such  a,  thing  in 
execution,  was  Gironimo  Finugio,  at  Rome  in  1616 ;  although  Schottus  had 
long  before  (XM^rttW  an  engine  for  this  purpose.  Moxon  has  givenafigure 
and  description  of  one,  but  without  naming  the  source  from  whence  he  ob- 
tmined  it:  he  says  it  was  "tnadt  at  Rome,  in  the  convent  of  St.  Maria  de 
Victoria :  the  lesser  bucket  did  contain  more  than  a  whole  um  of  water, 
(at  Rome  they  say  im  harile,)  but  before,  while  they  used  lesser  buckets, 
the  engine  wanted  success."  It  would  seem  that  it  was  to  one  of  these 
'Roman  Engines,' that  the  Marquis  of  Worces- 
ter referred,  in  the  21st  proposition  of  his  Cen- 
tuiy  of  Inventions:  "How  to  raise  water  con- 
stantly with  two  buckets  only,  day  and  night, 
*eilAoitt  a*y  other  force  than  iU  own  motion,  using 
not  so  much  as  any  force,  wheel  or  sucker,  nor 
more  pulleys  than  one,  on  which  the  cord  or  chain 
rolleth,  with  a  bucket  ikstened  at  each  end. 
This  I  confess  I  have  seen  and  learned  of  the 
groat  mathematician  Claudius,  his  studies  at 
Rome,  be  having  made  a  present  thereof  unto  a 
cardiaal,  and  I  desire  not  to  own  any  other  men's 
9,  but  if  I  set  down  any,  to  nominate  Uke- 
e  the  ■  ■■ 


The  machine  described  by  Moxon,  is  encum- 
bered with  too  many  appendages  for  popular 
illustration — ^its  esBentia]  parts  will  be  under- 
stood by  the  accompanymg  diagram,  from  Ha- 
chette's  Traite  El^mentaire  des  Machines,  Paris, 
1819.  Over  a  pulley  S,  are  suspended  two 
vessels  A  and  B,  of  unequal  dimensions.  The 
smaller  one  B,  is  made  heavier  than  A  when  both 
are  emptf,  but  lighter  when  they  are  filled.  It 
is  required  to  nita  by  them,  part  of  the  water 
from  the  spring  or  reservoir  E,  into  the  cistern 
Z.  As  the  waller  bucket  B,  by  its  superior 
gravi^,  descends  into  E,  (a  flay  or  valve  in  its 
bottom  admitting  the  water,}  it  conseauendy 
raises  A  into  the  position  represented  m  the 
figure.  A  pipe  F,  then  conveys  water  &om  the 
reservoir  into  A,  the  orifice  or  bore  of  which 
pipe,  is  so  proportioned,  that  both  vessels  are 
filled  timtiitaiteotuh/.  The  larger  bucket  then  pre- 
ponderates, descending  to  0,  and  B  at  the  same 
time  rising  to  the  upper  edge  of  Z,  when  the 
projecting  pins  0  0,  catch  against  other*  on  the 
lower  sides  of  iLe  buckets,  and  overturn  them  at 
the  same  moment.  The  bails  or  handles  are  at- 
tached by  swivels  to  the  sides,  a  little  above  the 
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centre  of  gravity.  As  soon  as  both  vessels  are  emptied,  B  again  pre- 
ponderates, and  the  operation  is  repeated  without  any  attendance,  as 
k>ag  as  there  is  water  m  £  and  the  apparatus  continues  in  order. 

la  Moxon's  machine,  the  vessels  were  filled  by  two  separate  tubes  of 
unequal  bore  j  the  orifices  being  covered  by  valves,  to  prevent  the  es- 
cape of  water  while  the  buckets  were  in  motion ;  these  valves  were 
opened  and  closed  by  means  of  cords  attached  to  the  buckets.  The  efflux 
through  F  in  the  figure,  may  ea«ly  be  stopped  as  soon  as  A  begins  to  de- 
scend, by  the  action  of  either  bucket  on  the  end  of  a  lever  attached  to  a 
v&lve,  or  by  other  obvious  contrivances.  The  water  discharged  from  A, 
runs  to  waste  through  some  channel  provided  for  the  purpose.  These 
machines  are  of  limited  application,  since  they  require  a  fall  for  the  de- 
scent of  A,  equal  to  the  elevation  to  which  the  liquid  is  raised  in  6.  They 
may  however  be  modified  to  suit  locations  where  a  less  descent  only  can 
be  obtained.  Thus,  by  connecdng  the  rope  of  B  to  die  periphery  of  a 
large  wheel,  white  that  of  A  is  united  to  a  smaller  one  on  Uie  same  axis, 
water  may  be  raised  higher  than  the  lar^r  bucket  falls,  but  the  quandly 
raised  will  of  courae  be  proportionally  diminished. 

In  Serviere's  Collection,  a  Graining  and  Losing  Bucket  Machine  is  de- 
scribed. Another  one  was  invented  in  1725,  by  George  Gerves  an  En- 
flish  carpenter,  who  probably  was  not  aware  that  he  had  been  anticipated 
y  continental  mechanics  upwards  of  a  century  before.  He  erected  one 
in  Buckinghamshire,  which  was  much  approved  of  by  Sir  Isaac  Newton, 
Beighton,  Desaguliers,  Switzer,  and  others.  Mr.  Beighton  'who  drew  up 
a  description  of  it,  observes  that  it  was  so  free  from  motion,  that  "it  is 
likely  to  continue  an  age  without  repair;"  and  Dr.  Desaguliers  on  insert- 
ing an  account  of  it  in  his  Experimental  Philosophy,  vol.  ii,  461,  says,. 
"^ia  engine  has  not  been  out  of  order  since  it  was  first  set  up,  about  fif- 
teen years  ego."  Notwithstanding  these  favorable  testimonials,  it  has 
fallen  into  disuse.  It  was  much  too  complex  and  cumbersome,  and  of  too* 
limited  application  ever  to  become  popular. 

The  principle  of  self-action  in  ail  these  machines  is  no  modem  discoveiy,. 
for  it  was  described  by  Heron  of  Alexandria,  who  applied  it  to  the  ope- 
ning and  closing  the  doora  of  a  temple,  and  to  other  purposes.  The  mo- 
tive bucket  when  filled,  descended  and  conununicatea  by  a  secret  cord 
the  movement  required,  and  when  its  contents  were  dis^faai^d  (by  a  si- 
phon similar  to  the  one  figured  in  the  Clepsydra  of  Ctesibius,  in  our  fifth 
txjok.)  it  was  again  raised  by  a  weight  at  the  other  end  of  the  cord,  like  th»- 
bucket,  in  the  last  figure.  See  De  Naturss  Simia  sen  technica  macro* 
cosmi  historia,  by  Robert  Fludd,  (the  English  Rosicrucian.)  Oppenheim, 
1618,  pp.  478  and  489,  where  several  similar  contrivances  are  figured — 
hence  the  device  is  much  older  than  has  been  supposed.  Perhaps  the 
beat  modification  of  the  '  Gaining  and  Losing  Bucket',  is  Francini's,  a  de- 
Bcription  of  which  may.be  seen  ra  onr  account  of  the  Endless  Chain  of 
Pots. 

A  letiermachinedescribedbyDr.Deaaguhers  may  hare  be  noticed.  "A  A, 
(No.  17,)  are  two  spouts  running  from  a  gutter  or  spring  of  water,  into  the 
two  buckets  D  and  E.  D  coniwning  about  thir^  ^lons  and  being  called 
the  ^tf^  bucket,  and  E  the  gainmg  bucket,  containing  less  than  a  quarter 
part  of  D,  as  for  example  six  gallons.  D  E,  is  a  lever  or  beam  movable 
about  the  axis  or  centre  C,  which  is  supported  I^  the  pieces  F  F,  be- 
tween wluch  the  bucket  D  can  descend  when  the  contrary  bucket  E  is 
raised  up,  D  C,  is  ta  C  E,  as  one  is  to  fonr.  G  L  is  an  upright  piece; 
through  the  top  of  which  the  lever  K  I  moves  about  the  centre  L, 
tomoDmea  resting  on  the  prop  H,  and  sometimes  rnised  from,  it  by  the 
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praoanre  of  the  arm  C  E  on  the  end  I. 
iM  moutL  upwarda,  being  suspended  as 
with  itfi  bucket  is  alio  lighter  than  the  end  with  the  bucket  E,  when  both 
ore  empty.  By  reason  of  the  different  bore  of  the  spouts,  D  is  filled  al- 
tnoBt  aa  bood  as  E,  and  immediately  preponderating',  sinks  down  to  D, 
and  thereby  raises  tha  contrary  end  of  the  lev«r  and  its  bucket 
up  to  the  cistern  M,  into  which  it  discharges  its  w^ter;  but  immediately 
the  bncket  D  bocoming  full,  pours  out  its  water,  and  the  end  of  the  lever 
£  comes  down  again  into  its  horizontal  situation,  and  striking  upon  the 
end  I  of  the  loaded  lever  I  R,  raises  the  weight  K,  by  which  means  the 
force  of  its  blow  is  broken.  If  the  distance  A  B  or  feJl  of  the  water  be 
about  six  feet,  this  machine  will  rvise  the  water  into  the  cistern  M  twen^- 
four  feet  high.  Such  a  machine  is  very  simple  and  may  be  made  in  any 
proportion  according  to  the  fall  of  ilie  water,  (he  quantity  allowed  to  be 
wasted)  and  die  height  to  which  the  water  muU  be  raisad." 


"' Some  yeara  ago,"  Dr.  DesaguUers  continues,  "a  gentleman  showed  mo 
&  model  of  such  an  engine  varying  something  fi^  this,  bot  so  con- 
trived a*  to  stop  the  runnmg  of  the  water  at  A  .&,  when  the  lever  D  E 
began  to  move.  He  told  me  he  had  set  up  an  engine  in  Ireland,  which 
rused  about  half  a  hogshead  of  w^ter  in  a  minute,  forty  feet  high,  and 
did  not  cost  forty  shillrngs  a  year  to  keep  it  in  repair,  and  that  it  was  not 
very  expensive  to  set  up  at  first."     Experiments  Philosophy,  voL  i,  78. 

Thefe  ia  a  singular  historical  fact  connected  with  the  nae  of  buckets  to 
ruse  water  from  wells,  which  will  serve  to  conclude  this  part  of  the  sub- 
ject Every  person  knows,  that  war  between  nadons  has  often  arisen 
tnm  the  most  trifling  cause* ;  when  thousands  of  human  beings,  alike 
ignorant  and  innocent  of  ita  origin,  hired  by  its  authors,  armed  with 
murderous  weapons  and  incessantly  exercised  in  the  tue  of  them,  are 
manhaled  into  the  presence  of  a  similar  host;  when  both  being  stimu- 
lated by  inflaming  addresses,  and  ot^n  excited  by  ardent  spirits,  destroy 
each  other  like  mfiiriated  dgers !  Then  after  one  party  is  overcome,  the 
other  glorying  in  the  slaughter,  hail  their  leader  a  kero,  and  not  in^- 
I  fluently  do  that,  which  fiends  'would  shudder  to  think  of — viz.  return 
thanks  to  the  benign  Savior  of  men,  for  having  enabled  them  thus  to  dt- 


■'^'S'^ 


ClHp.9.] 

itray  tliejr  ipecies ;  and  to  produce  <m  amount  of  misery,  aa  evinced  in  the 
■hrieks  of  ihe  wounded — tKe  agonies  of  the  dying — the  unutterable 
pang!  of  widows,  ^nd  the  untold  aufreriiiga  of  orphans — that  would  sufRce 
todraw  tearafromdemons!  And  all  this  for  what  T  Why,atonetime,accoi4- 
ing  to  Tasso,  and  it  is  degr^mgto  our  nature  to  repeat  it,  because  some 
ibMveaot'M.oieiattoleabiclcethelcngiiig  toapttihemilof'Bob^naf  This 
fatal  bucket  is  still  preserved  in  the  cathedral  of  Modena — a  memorial 
of  a  Mi^uinary  war,  and  of  the  evils  attending  the  most  horrible  ef  fS. 
human  oelusions,  military  glory. 

"In  the  year  1005,  some  soldiera  of  the  commonwealth  of  Modem  ran 
away  with  a  bucket  from  a  puUic  well,  belonging  to  the  State  of  Bologna. 


This  implement  might  be  worth  a  shilling;  but  it  produced  a  bloody 
quarrel  which  was  worked  up  into  a  bloody  war.  Henry,  the  king  of 
Sardinia,  for  the  Emperor  Henry  the  second,  assisted  the  Modenese  to 


keep  possession  of  the  bucket ;  and  in  one  of  the  battles  he  was  made 
prisoner.  Bis  father,  the  Emperor,  offered  a  chain  of  gold  that  would 
encircle  Bologna,  which  is  seven  miles  in  compass,  for  bis  son's  ransom, 
but  in  Tain.  After  twenty-two  years  imprisonment,  and  bis  father  being 
dead,  he  pined  away  and  died.  His  monument  is  stitl  extant  in  the 
church  of  the  Dommicans.  This  fatal  bucket  is  still  enhibited  in  the 
lower  of  the  cathedral  of  Modena,  enclosed  in  an  iron  cage." 

HATCaui.s  OF  BvcKKTB. — Neptune  and  Andromaclie  watered  horses 
with  metallio  ones.  Both  Qteeks  and  Ramans  had  them  of  wood,  metal 
and  leather.  Sometimes  wooden  ones  were  hooped  with  brau.  One  of 
these  was  found  in  a  Roman  borrow  in  England.  The  ancient  British 
had  them  without  hoops  and  cut  out  of  soUd  timber.  The  Anglo  Saxons 
made  them  of  KaTes  u  at  present.  Those  of  the  old  Egyptians  were 
of  metal,  wood,  skins  or  leather,  and  probably  of  earthenware.  See 
figures  in  llih  and  13th  chapters.  We  have  given  figures  of  some  metallic 
ones  discovered  in  Pompeii,  in  Book  IL  The  bucket  of  Bologna  is 
formed  of  staves  and  bound  with  iron  hoops.* 

The  old  error  that '  water  has  no  weight  in  water,'  arose  fivm  not  per- 
ceiving the  weight  of  a  bucket,  until  it  was  raised  out  of  the  liquid  in 
which  It  was  plunged. 

Aldiongh  poetry  is  foreign  to  the  design  of  this  wt>rk,  sad  cold  water 
is  not  remarkably  mspiring,  nor  a  bucket  a  very  poetical  object,  yet  the 
fbllowtnff  beautiful  lines  of  S.  Woodworth,  on  '  The  Bucket,'  are  as  re- 
freshing u  the  midst  of  a  dry  discussion,  as  a  draught  of  the  sparkling  1> 
quid  to  a  weary  traveller  of  the  desert.'* 

For  olten  it  noon,  when  rBlomad  from  ttn  fiald, 
I  Jbund  it  the  ■oorce  oT  u  •iquiiila  pleMora, 
The  pnrctf  and  nrasuat  that  aalMis  can  yMd. 

How  udont  I  Mixed  i^  widi  Iwnda  Hist  were  riowiD^ 
And  qakk  to  the  whito-pebblsd  bottoia  it  M : 

nwB  soon,  with  tbs  enblam  of  Bntb  oreiflowing, 
And  dripping  widi  coolneM,  It  roae  from  the  wall. 


How  sweet  from  tba  psen  vemj  brim'lo  rae* 
As  poked  on  (he  eorti  it  indiiMd  to  m;  lips 

NotalhllUndKivnUetconld  tempt  me  to'~ 
noB^  fflbd  wuh  As  ttssur  dutf  Jnpitsr 


-  ITmod's  navaH  iii,  SB7,  sad  KeTilm*!  Tmek,  iii,  IM 
^Thsj  ban  bam  MTSOSMsfr  otthbated  to  dw  Britiih  Post  ^ 
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CHAPTER    X. 


.■  Adcwdu — Morti  by  bhii  uul  Tkrioiu  in^nuli    JtrV»    TTnri 


TKB  WINDLASa. 


Although  it  may  never  be  known  to  whom  tbe  world  U  indebted  for 

the  imndlatt,  there  are  circurastanceB  which  point  to  the  coostrnction  of 
wells  and  raising  of  water  from  them,  aa  among  the  first  luea  to  which  it, 
as  well  as  the  pulley,  was  applied.  The  windlass  possessei  an  important 
advantage  over  the  tingle  pulley  in  lifting  weights,  or  overcoming  any 
resistance;  since  the  intensity  o(  the  force  transmitted  through  it,  can 
be  modified,  either  by  varying  the  length  of  the  crank,  or  the  circom- 
ference  of  the  roller  on  which  the  rope  is  coiled,  Sometimes  a  single 
vessel  and  rope,  but  mora  frequently  two,  are  employed,  aa  in  the  figure. 
No.  18. 


NcF.te.    Wisdlw.    FnmiKlrchtr-tlliiiidDiBnliWFniwii*. 

The  buckets  are  suspended  from  opposite  sides  of  the  roller,  the  rope 
winding  round  it  in  dillerent  directions,  so  that,  as  one  ascends,  the  other 
descends.  Pliny,  in  his  Natural  History,  xiit,  4,  mentions  this  machine  as 
used  by  the  Romans  for  raising  water ;  and  in  the  36th  book,  cap.  xv, 
when  speaking  of  a.  canal  for  draining  the  marsh  Ftidntu,  part  of  which 
passed  tbrougn  a  mountain,  he  says  the  water  which  flowed  in  upon  the 
workmen  was  raised  up  "  with  device  of  engines  and  windles."  As  there 
was  not  any  apparatus  attached  to  the  public  wells  in  Greek  and  Roman 
cities,  or  if  so,  to  a  very  limited  extent,  it  is  probable  the  windlass  w^aa 
chiefly  used  in  the  country,  where  its  application  to  deep  wells  was  per- 
haps as  common  aa  it  is  in  other  parts  of  the  world  at  the  present  time. 

It  has  always  been  used  in  raising  ore  and  water  from  nunes.  AgricoU 
baa  given  several  figures  of  it  aa  employed  in  those  of  Hungary,  whtire 
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it  has  probably  been  in  uninterrupted  use  since  the  Roman  era.*  Some- 
times it  wae  plac.ed  on  one  side  of  the  well,  and  at  a  abort  distance  from 
it,  the  ropes  possing  through  pulleys  that  were  suspended  over  its  mouth. 
By  this  arrangement  water  may  be  raised  to  any  required  height  above 
the  windlass ;  an  advantage  in  some  cases  very  desirable.  Belidor  haa 
given  a  similar  figure,  and  observes  thai  such  machines  were  eKtensively 
used  in  the  Low  Countries.''  Sometimes  a  series  of  pulleys  were  com- 
bined with  it.  In  an  old  work,  we  have  seen  the  windlass  attached  to  a 
large  tub  in  which  water  or  coal  was  raised,  so  that  one  or  more  persona 
might  ascend  and  descend,  without  the  aid  of  others  on  the  surface  of  the 
ground;  the  ropes  being  passed  through  a  block  above  the  mouth  of  the 
piL'  It  is  very  probable  that  these  applications  of  it  were  known  to  the 
Greeks  and  Romans.  Switzer,  in  hia  'Hydrostatics,'  says,  the  ancients 
used  the  windlass  for  raising  water,  and  that  all  their  machines  of  e  similar 
construction  were  classed  under  the  general  name  of  Budromia. 

There  is  a  very  peculiar  and  exceedingly  ingenious  modification  of 
the  windlass,  which  may  here  be  noticed,  and  for  which  we  are  indebted 
to  the  Chinese.  It  furnishes  the  means  of  increasing  mechanical  energy 
to  almost  any  extent,  and  as  it  is  used  by  them  to  raise  water  from  some 
of  those  prodigiously  deep  wells  already  noticed,  (p.  30,)  a  figure  of  it, 
(No,  19.)  is  inserted.  The  roller  consists  of  two  parts  of  unequal  di- 
ameters, to  the  extremities  of  which,  the  ends  of  the  rope  are  fastened  on 
opposite  sides,  so  as  to  wind  round  both  parts  in  difierent  directions.  As 
the  load  to  be  raised  is  suspended  to  a  pulley,  (See  fig.)  every  turn  of  the 
roller  raises  a  portion  of  the  rope  equal  to  the  circumlerence  of  the  thicker 
part,  but  at  the  same  time  lets  down  a  portion  equal  to  that  of  the  smaller; 
consequendy  the  weight  is  raised  at  each  turn,  through  a  space  equal  only 
to  half  the  difference  between  the  circumferences  of  the  two  parts  of  the 
roller.  The  action  of  this  machine  is  therefore  slow,  but  the  mechanical 
advantages  are  proportionably  great.' 


This  le  the  neatest  and  most  simple  modification  of  the  wheel  and  axle, 
that  human  ingenuity  has  devised,  and  is  a  proof  that  the  principles  of 
mechanical  science  were  well  understood  in  remote  ages ;  for  every  ma- 


'  BeMon's  Theatre  do  Inftrrii 

"  The  Chinese,'  by  J.  T-  Davis,  vol.  ii,  9 


atiqaei  et  Hechaniquei.    A  L7011, 1579. 
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chaniciaD,  we  diink  will  admit,  that  mechanical  tact  and  ingenuity,  unaided 
bj  Bcieadfic  knowledge,  could  never  have  deviaed  it  It  exhibits  a  specie! 
m  originality  to  unique,  bo  simple  and  efficient,  that  evidently  shows  it  to 
have  been  the  conception  of  no  common  mind.  At  what  time  it  wai  fiiM 
taken  to  Knrope,  we  have  not  the  means  of  ascertuning.  It  has  bat  re- 
cently, i.  e.  comparativety  so,  been  described  in  books.  We  are  not 
aware  of  its  having  been  noticed  in  say,  previous  to  the  last  half  century. 
It  appears  to  have  Deen  introduced  like  several  other  standard  machines 
from  the  same  source,  so  gmdually,  that  the  precise  period  of  its  first  ar- 
rival cannot  easily  be  determined.  Gonsidermg  the  long  period,  durii^ 
which  European  nations  have  maintained  an  intercourse  with  the  Chinese, 
ihe  recent  introduction  of  this  machine  may  appear  singular ;  but  veiv 
little  is  yet  known  of  that  people,  although  an  intimate  acquaintance  wtu 
their  arts,  would  probably  enrich  us  with  treasures,  more  valuable  than 
their  Uas  and  their  porcelain. 

There  is  a  large  debt  of  gradtude  due  to  the  Chinese,  which  has  never 
been  sufficiently  acknowledged.  It  is  to  them,  we  are  indebted  for  some 
of  the  moRt  important  itiscoveries  connected  with  the  present  state  of  the 
arts  and  siuences.  From  them  was  derived  the  chief  of  all  art^  rsiNTiNS, 
and  even  movable  ^pes,  and  that  invaluable  acquisition,  the  mariner's 
compass;  peeoliar  stoves,'  chain-bridges,  spectacles,  silver  forks,^  India 
ink,'  chain-pump,  winnowing  machine,*  besides  many  others;  and  to  cor- 
rect a  popular  error,  which  attributes  to  our  fellow  citizens  of  GonneC' 
tieut,  the  liivention  of '  wooden  hams,'  it  may  as  well  be  remarked,  that 
these  are  also  of  Chinese  origin.  Le  Comte,  says  they  are  so  adroitly 
constructed,  that  numerous  buvers  are  constantly  deceived ;  and  fre- 
quently it  is  not  till  one  is  boiled  and  ready  to  be  eaten,  that  it  is  dicovered 
to  be  "  nothing  but  a  large  piece  of  wood  under  a  hog's  skin."  But  if 
China  has  produced  specimens  of  dishonest  ingenui^,  she  has,  in  the 
tivad-mili,  furnished  one  of  the  greatest  terrors  to  evil  doers. 

A  large  Fiuee  is  sometimeB  used  in  place  of  the  cylindrical  roller  of  a 
Tvindlass,  eapecially  in  welts  of  great  depth.  When  a  bucket  is  at  the  bot- 
tom, and  the  weight  of  a  long  rope  or  chain  has  to  be  overcome  in  ad- 
dition to  that  of  the  water,  it  is  accomplished  more  eanly  by  winding  up 

*  "Tben  itotBt  ire  ezlremelj  nonveoient,  tnd  deserve  M  be  made  known  Dnivereallj 
in  our  coanli^.  SoDie  of  car  company  took  luch  itors*  with  them  to  GoUanborgh,  aa 
modsk  Tor  those  wbo  might  naat  to  know  tbeir  conslmctioa."  Osbeck'a  Vofage  to 
China,  rol.  i,  322. 

^"Ileiwe  ofsilTerrorks  wilhns,  b/soDM  oroaripnice  gallanta  taken  np  of  1  ale, 
eama  ftnm  China  W  Itaij,  and  A-odi  thence  to  England."  He^lin's  Coamognphy,  Ixin. 
1670.  p.  MS. 

*Tfae  wcret  of  making  it,  was  brought  by  s  Dnldi  lapeteargo  to  GSttingeii  in  1756, 
and  there  divulged.    Lon.  Hag.  foi  1756.  p.  403. 

'Thi*  WM  slso  brougbl  Gnt  to  Holland  in  ihe  beginning  of  the  18lh  cantarj,  whsnoe 
it  toon  aprswl  over  Eornpe.  It  wa>  cnrried  to  Scollsnd  in  1710.  Walter  Sean,  has 
incorporated  in  one  of  his  novel*,  an  hi9t«ricai  fact  relatiDg  lo  the  sapentitioD  of  his 
coontrymen  respecting  it.  When  firat  inlrodaced.  the  religiou*  feelingi  of  oome  wera 
greatly  shocked  si  on  invention,  by  which  ertilicitil  whirtwinda  were  produced  in  calm 
weather,  when,  as  they  eupposed.  it  wu  the  will  of  God  for  the  air  to  remain  still.  As 
they  coniidered  it  a  Dtorafiluty  to  Weil  patiently  for  a  natural  wind,  lo  separata  the 
chaff  from  their  wheat,  ibey  looked  upon  the  n>e  of  this  nuehine,  as  rsbellion  against 
heaven,  and  an  attempt  lo  lake  the  government  of  the  world  out  of  Ihe  Creetor'a 
Constant  readers  of  the  Bible,  tf>e  mora  laperatilioDS  of  the  CovemnCsn 


S'ned  it  was  a  euikniiig  device  of  the  Wicked  One,  the  '  Prince  of  the  power  of  the 
ir,' and  dterefore  oneaf  thoae  works,  which  Christians  are  called  to  guard  o^ainsi  and 
It  was  introduced  into  America  in  1761,  as  a  "Dutch  machiDe  for  wic 


ing  grain."    TheEiatone,  was  made  in  HaBachuselts,  "by  the  direction!  of  a  „. 
man  intbs  Jeraies,"  daring  the  same  year.    Lon.  Hag.  for  17S1.    p.  273.    Davis'  Chi- 
nesa,  vol.  ii,  381. 
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dM  rope  on  diti  small  end  of  llie  fusee ;  and  as  tde  length  diminiahei,  it 
coils  round  the  lar^r  part.  (3ee  No.  20,  which  is  however  inaccurately 
drawn — u  the  bucket  is  at  the  top  of  the  well,  it  should  have  been  repre- 
aented  aa  suBpended  from  the  large  end  of  the  ^see.)  The  value  of  a  de- 
vice like  this,  will  be  appreciated  when  the  great  depth  of  some  wella 
is  considered,  and  the  consequent  additional  weight  of  the  chB.lns.  In 
the  fortress  of  Dresden  u  a  well,  eighteen  hundred  feet  deep ;  at  Span- 

fenburgh  one  of  six^  toises ;  at  Homberg,  one  of  eighty ;  at  August- 
lU-gh,  IS  a  well  at  w^icb  half  an  hour  is  required  to  raise  the  bucket; 
and  at  Nuremburgh  another,  sixteen  hundred  feet  deep.  In  all  these,  the 
water  is  raised  by  chains,  and  the  weight  of  the  loot  one  is  st&tad  to  be 
upwards  of  a  ton :    Misson,  (vol.  i,  116,)  says  three  thousand  pounds. 

It  is  to  be  regretted  that  the  name  of  the  inventor  of  the  fusee,  and  the 
date  of  its  origin,  are  alike  unknown.  It  forms  an  essential  part  in  the  me- 
chanism of  ordinary  watches ;  for  without  it  they  would  not  be  correct 
measurers  of  time.  Every  person  knows  that  the  moving  power  in  a 
clock  is  a  weight,  and  that  the  various  movements  are  regulated  by  & 
pendulum ;  but  neither  weights  nor  pendulums  are  suited  to  portable 
clocks,  or  watches ;  hence  a  spiral  spring  is  adopted  as  the  first  mover  in 
the  latter,  and  when  ccoled  up,  as  it  is  by  the  act  of '  winding  np'  a  watch, 
the  force  which  it  exerts,  imparts  motion  to  the  train  of  wheels ;  but  aa 
this  force  gradually  diminishes  as  the  'prins  unwinds,  the  velocity  of  the 
train  would  diminish  also,  if  some  mode  of  equalizing  the  eBect  of  this 
varying  force  was  not  adopted :  It  is  the  fusee  which  does  this,  by 
receiving  the  energy  of  the  spring  when  at  its  maximum,  on  its  tmaUer 
end ;  and  aa  this  enei^  diminishes,  it  acts  on  the  larger  parts,  as  on  the 
ends  of  levers,  which  lengthen  in  the  same  tado  as  the  force  that  moves 
them  ia  diminished. 


In  another  modification  of  the  windlass,  a  cog-wked  ia  fixed  to  one  end 
of  the  roller,  and  moved  by  a  jmim  that  is  secured  on  a  separate  shaft,  and 
turned  by  a  crank,  aa  in  the  figure.  By  proportioning  the  diameter  of  the 
wheel  and  that  of  the  pinion,  (or  the  mimber  of  teeth  on  each)  according 
to  the  power  employed  ;  &  bucket  and  iia  contenta  may  be  raised  from 
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any  deptltj  since  a.  dJminutioD  in  (he  velocity  of  the  vheel  from  a  amaUer 
pinion,  is  accompanied  with  an  increase  of  the  energy  transmitied  to  the 
roller  and  vice  verta. 

The  Greeks  and  Romans  employed  the  wheel  and  pinion  in  several  of 
their  war  engines,  and  in  various  other  machinery.  Part  of  a  cog-wheel 
was  discovered  in  Pompeii.  They  probably  were  also  employed,  as  in 
No.  81,  to  raise  water  from  deep  wells,  a  purpose  for  which  ihey  have 
been  long  used  in  Europe.     See  Belidor,  lorn,  li,  liv.  4.     From   some  ex- 

Cmments  made  by  Mr.  Robertson  Buchanan,  it  was  ascertained  that  the 
bor  of  a  man  in  working  a  pump,  turning  a  winch,  ringing  a  bell,  and 
rowing  a  boat,  might  be  represented  respectively  by  the  numbers,  100, 
167,  227,  and  248  ;  hence  it  appears  that  the  effect  of  a  man's  lal>or  in 
turning  a  windlass,  is  fifly  per  cent,  more  than  in  working  a  pump  in  the 
ordinary  way  by  a  lever. 

As  a  man  cannot,  with  effect,  apply  bis 
strength    convetkiently   to    a  crask  that  de- 
scribes a  circle  exceeding  three   or  four   feet 
in     diameter,'  another    ancient     contrivance 
enabled  him  to  transmit  it  through  a  series  of 
revolving   levers,   inserted   into  one   or   bott 
ends  of  the  roller  i   and  which  extended  to  k 
greater     distance    from    the   centre  than  the 
crank,  as  in  the  copper-plate   printing   press, 
the  steering  wheel  of  ships   and   steam   ves- 
sels, and  numerous  other  apparatus  employed 
^  in  the   arts.     It  was  formerly   used   to  raise 
"water    in    buckets    from    mmes    and    wells, 
tlo.sa.  A^lo SuoB Cnae.         and  even   to   work  pumps:   (cams  being   se- 
cured to  the  roller,  raised  the  piston  rods  in  a 
manner  similar  to  the  common  stamping  mills.)      Agricola   has   figured   it 
M  applied  to  both  purposes.      De  Re  Metallica,  118,  129,  141.      No.   22, 
i«  an  example  of  its  application  by  the  Anglo  Saxons,  from  Stnitt'a  An- 
tiquities. 


"  There  cannot  be  a  more  expeditious  way  to  raise  water  from  a  deep 
well,  than  to  make  a  lat^  wheel,  [drum]  at  the  end  of  the  wtiltux, 
that  may  be  two  or  three  times  the  diameter  of  the  winlaco,  on 
twhich  a  smaller  and  longer  rope  may  be  wound,  than  that  which  raises 


■■"S'^ 


Clap.  lO.J  T^Md  Whed.  73 

the  bucket,  so  that  when  the  hncket  U  in  the  well,  the  same  rope  is  all 
wound  on  the  ^ater  wheel,  [drum]  the  end  whereof  may  be  taken  on 
the  shoulder,  and  the  man  may  walk  or  rue  forwards,  till  the  backet  be 
drawn  up.  The  bucket  may  nave  a  round  hole  in  the  midst  of  the  bot- 
tom with  a  cover  fitted  to  it,  like  the  sucker  of  a  pump,  that  when  the 
bucket  rests  on  the  water,  the  hole  may  open  and  the  bucket  fill."  Dic- 
lionarium  Huslicum,  Lon.  1704.     See  No.  S3. 

Thia  is  one  of  the  modes  of  raising'  heavy  weights,  described  by  Vitm- 
vius,  in  Book  X  of  his  Architecture,  and  is  so  figured  in  some  of  the  old 
editions,  that  of  Barbaro  for  example.  Venice  1567.  It  spears  to  have  been 
adopted  to  raise  water  from  the  deep  wells  of  Asia  in  ancient  times,  and 
isstUtcoQtiaued  in  use  there.  In  Sym's  Embassy  to  Ava,  there  is  a  notice 
of  the  Petroleum  Wells,  the  oil  from  which  is  universally  employed 
throughout  the  Birman  empire.  One  which  he  examined  was  four  feet 
square,  and  thirty-seven  fathoms,  [332  feet]  deep.  The  water  and  oil 
"  were  drawn  up  in  an  iron  pot,  fastened  to  a  rope  passed  over  a  wooden 
cylinder,  which  revolves  on  an  axis  supported  by  two  upright  posts. 
When  the  pot  is  filled,  two  men  take  the  rope  by  the  end,  and  run  down 
a  declivity,  which  is  cut  in  the  ground  to  a  distance  equivalent  to  the  depth 
of  tin  well ;  thus  when  they  reach  the  end  of  their  track,  the  pot  is 
raised  to  its  proper  elevation."*  The  contents,  water  and  oil,  are  then  dis- 
charged into  a  cistern,  and  the  water  is  afterwards  drawn  off  through  a 
hole  m  the  bottom.  A  ratchet  wheel  and  click  to  detain  the  bucket  when 
elevated,  would  enable  &  single  person  to  work  this  machine,  or  the 
bucket  might  be  suspended  to  its  bail  by  swivels,  and  oTertumed  at  the 
top  by  a  catch,  as  in  No.  16. 


NO.M.    TiuitWkHl. 


Another  mode  of  communicating  motion  to  the  roller,  is  by  means  of  a 
freaiwAffl/,  attached  like  the  drum  in  figure  S3,  to  one  end  of  it  In 
^is,  a  man  or  an  animal  walks  or  rather  climbs  up  one  side,  somewhat 
hke  a  squirrel  m  iti  cage,  and  by  his  weight  turns  the  wheel,  and  raise! 
ttie  water,  as  represented  in  No.  24. 

Thia  appears  to  have  been  a  common  mode  of  applying  human  effort 
among  the  ancients.     Some  of  their  cranes  for  raising  columns  and  other 
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hoa-vy  wrfgbto,  ■w»re  moTed  by  tread  wheels,  (Vitmvius,  x,  4.)  A  figure 
of  one  ia  preMrred  in  «  baa-relief,  in  tbe  wall  of  tbe  market  place  at  Ca- 
pua.' Like  other  ancient  devices  for  raising  water  it  haa  been  continued 
la  tue  in  Europe  since  Roman  times,  and  is  described  by  most  of  the  old 
writers  on  Hydraulics.  Agricola  £gi]re3  it  as  used  in  the  mines  of  Ger- 
many. "To  raise  water  from  a  deepe  well,"  says  au  old  English  writer, 
*'Mme  use  a  large  wheele  for  man  or  beast  to  walk  in."  At  Nice,  two 
mon  ruse  tbe  water  from  a  deep  well,  by  walking  in  one  of  these  wheels.  . 
It  is  the  'Kentish  fashion'  according  to  Fosbroke,  the  wheels  being  pro- 
pelled both  by  men  and  asaee.  The  Anglo  Saxons  and  Normans  also  used 
mem  for  drawing  water. 

Whether  the  Qreeks  and  Romans  employed  ammal*  in  tread  wheels, 
we  know  not,  but  the  prnctice  is  very  old,  and  from  the  obvious  advan- 
tage of  quadrupeds  over  biped  man  in  climbing  ascents,  it  ia  probable 
diat  they  were  so  employed  by  tbe  ancients.  Oxen,  horses,  mules,  asses, 
dogs,  goats  and  bears,  have  all  been  used  to  propel  these  wheels,  and  to 
raise  water  by  them.  At  Spangenbursh,  water  was  raised  from  the 
well  mentioned  in  a  previous  chapter,  by  an  an.  In  (he  Isle  of  Wight, 
Eng.  one  was  thus  engaged  for  tne  extraordinary  period  of  forty  years, 
in  raising  water  from  a  well  two  hundred  feet  deep,  which  was  supposed 
to  have  been  dag  by  the  Romans.  Long  practice  had  taught  the  animal 
to  know  exactly  how  many  revolutions  were  required  to  raise  the 
bucket;  when  by  a  backward  movement  he  would  instantly  stop  the 
wheeL  GwUt  are  remarkable  for  scalingprecipices,  and  therefore  seem 
well  adapted  for  this  kind  of  labor.  In  Europe,  they  are  employed  to 
raise-  both  water  and  ore  from  mines,  by  tread  wheels.  In  the  Chapter 
on  the  Chain- Pump,  we  have  inserted  a  cut  from  Agricola,  representing 
Uiem  thus  eiiga^d.  But  of  the  larger  animals,  if  there  is  one  better 
adapted  than  another,  from  its  conformation  and  habits,  it  is  the  Bear;  and 
it  is  not  a  little  singular,  that  the  GoAt  actually  employed  that  animal  in 
fucb  wheels  to  raise  water.* 

It  is  probafala  that  tbe  Chinese  have  from  remote  limes  employed  va- 
rious animals  in  them  ;  this  we  infer  from  a  remark  of  one  of  their  wri- 
ters, quoted  by  Dr.  Milne,  In  exhorting  husbands  to  instruct  their 
wives,  he  encourages  them  in  the  ardtioiu  task  by  reminding  them,  that 
"  even  monkeys  may  be  taught  to  play  ajitica — dog»  may  he  taught  to  tread 
M  a  miU — caU  may  be  taught  to  nm  round  a  eyHmder,  and  parrots  may 
be  taught  to  recite  verses;"  and  hence  he  concludes  it  possible  to  teach 
women  something!^  Many  ancient  customs  relating  to  the  laming  and 
using  of  animals  are  still  practised  in  China.  The  old  Egyptians,  had  ba- 
boons and  monkeys  trained  to  gather  iruit  from  trees  and  precipices  inac- 
cessible to  men."  The  Chinese  employ  them  for  the  same  purpose,* 
Mark  Antony,  Nero,  and  others,  in  imitation  of  more  ancient  warriors, 
were  sometimes  drawn  in  chariots  by  lions — Chinese  charlatans,  both  ride 
on,  and  are  drawn  by  them,  and  by  tigers  also.     (Nieuhoff's  Embassy,) 


Before  tmolte  jacks  were  invented,  joints  of  meat  while  roasting,  were 
often  turned  by  aogs  running  in  tread-wheels.  They  were  of  a  pecu- 
liar breed,  (now  nearly  extinct)  long  backed,  having  short  legs,  and  from 

■Foabroke  Antiq.  367,  and  Winkleinu)'!  Arts  of  the  Ancients.  Paris,  Ed.  torn,  ii, 
gauche  13. 

'OUos  Htgnui,  qnatad  by  F<MbrokB.  Encjc.  Antiq.  71.  '  Downing's  Stranger  m 
China,  ToL  ii,  173.  *  Wilkiaioii,  vol.  ii,  150.         •  Breton's  China. 
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tbeir  occnpodon,  were  named  ^tnupiti.  The  mode  of  teaching  diem, 
was  more  summary  than  humane.  The  animal  wu  pnt  into  a  wheel,  the 
ndei  of  which  were  closed,  and  a  huming  coal  thrown  in  behind  him; 
hence  he  could  not  stop  climbing  without  having  his  legs  burned.  Aa 
might  be  supposed,  they  were  by  no  means  ^tacned  to  their  profession ; 
of  which  the  following  incident  has  been  addncMl  as  a  proof:  In  a  cer- 
tain city,  having  agreeably  to  custom,  attended  their  owners  to  church, 
the  lesson  for  the  day,  happened  to  he  that  chapter  of  Ezekiel  wher^ 
the  self-moTing  chuiets  are  devcribed.  When  the  minister  first  pro- 
nounced the  word  'vAeei,'  they  all  pricked  up  their  «at«  in  aUnn — at  dis 
second  mention  of  it,  they  aet  up  a  dolefiil  howl;  aad  when  the  awfitl 
word  was  uttered  a  third  time,  every  one  it  is  said,  made  the  best  of  Mi 
way  ont  of  the  church. 

But  the  most  singular  animal  formerly  used  in  thua  turning  the  api^ 
was  a  bvd,  and  of  a  spemes  too  which  furnished  more  victims  for  the 
roast  than  any  other,  viz.  the  gooie!  Moxon,  observes  that  although  dogi 
were  commonly  used,  "geese  are  better,  for  they  will  bear  thetr  labor 
longer,  so  that  if  there  be  need,  they  will  continue  their  labor  tweivs 
..honrs."*  A  singular  illustrabon  of  man's  power  over  the  lower  animals, 
in  thus  eompeUing  one  to  cook  another  of  its  own  species  for  his  uae. 

The  old  jack,  consisting  of  three  toothed  wheels  and  a  weight,  waa 
used  aa  early  as  1444.  Ilie  tmoke  jack  was  known  in  the  following  cen- 
tury, if  not  before,  for  it  was  described  by  Cardan,  and  aiWwaids  (in 
1571)  by  Bartolomeo  Scappi,  cook  to  Pope  Pius  V.  in  a  book  on  colinarr 
openuions.  In  1601,  a  'jack  maker*  was  a  regular  trade  in  Europe,  ana 
the  ingenui^  of  the  manufacturers  was  then  often  displayed  in  decorating 
them  with  moving  puppets,  as  in  some  aneient  clocks,  and  in  the  organs, 


ice.  of  street  musicians.  Bishop  Wilkina,  (Mathematical  Magic, 
cap.  3)  speaks  of  "  jacks  no  bi^er  than  a  walnut  to  turn  anyjoint  of  meat." 
The  name  of  these  machines,  and  a  certtin  vulgar  phrase,  not  yet 
quite  obsolete,  are  all  &at  is  le&  to  reeal  to  mind,  a  class  of  domesbCB, 
whose  occupation,  like  Othello's,  ia  gone.  These  were  men  whoae  danr 
it  was  to  turn  the  spit,  and  who  answered  to  the  familiar  cognomen  <a 
'Jack,'  formerly  a  common  name  for  a  man-servant,  and  now  appUed  to 
designate  numerous  iostruments  that  supply  his  place.  Seated  at  one 
side  of  a  huge  Gre,  hia  du^  was  to  turn  the  roast  by  a  crank  attached  to 
one  end  of  the  spit  See  a  figure  of  a  French  Untme-hroche  in  the  exer- 
cise of  his  vocadon,  in  '  Hone's  Every  Day  Book.'  vol.  ii,  10S7.  The  office 
waa  far  from  being  a  sinecure,  since  no  slight  labor  was  required  to  move 
the  large  joints  of  olden  limes,  the  whole  of  a  sheep  or  an  ox  being  frs- 
quentty  roasted  at  once;  hence  in  aome  kitchens  hnilt  in  the  13th  centniy, 
it  was  partieutaTly  directed,  that  each  should  be  provided  with  funncea 
■ofBciently  large  to  roast  two  or  even  three  oxen.  It  waa  from  the  cus- 
tom of  these  artists,  of  larrepiitiausly  helping  themselves  to  small  pieces 
of  the  roast,  while  in  the  performance  of  their  dun^  the  onclaasical  ex- 
pression '  ticking  the  fingers,'  came,  and  verifyii^  a  Turkish  proverb,  'he 
that  watches  the  kettle,  la  sure  to  have  some  of  the  soup.'  The  phrase 
however,  was  not  then  so  obnoxious  to  good  taste,  nor  the  act  to  good 
manners,  aa  now ;  for  table-foika  were  generally  unknown,  and  moderate 
sized  joints  were  handed  round  on  the  spit,  so  that  every  one  at  table, 
separated  by  a  knife  a  sHce  to  his  taste,  and  conveyed  it  hy  his  fingers 


■  Haafaaniek  Potran,  Lon.  IS9S.  p.  72. 
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to  liu  plate,  and  thence  to  hU  mouth.     Hence  the  advice  of  Ovid,  for 
neither  (rreeks  nor  RomanB  used  table-forks  i 

"YoormeatgenUell;  with  four  fiofen  rake ; 
And— u  in  ealing  there's  a  certain  grace, 
Beware,  with  greiay  handa,  leal  you  beamaar  jour  face. 
A  German  writer  in  the  middle  of  the  16th  ccntui^,  in  suggesting  the 
whirling  Eolipile  as  a  turnspit,  Nmsrka,  "  it  eata  nothing,  and  gives  withal 
an  assurance  to  those  partaking  of  the  feaat,  whose  suspicious  natures 
nurse  queasy  appetites,  that  the  haunch  has  not  been  pawed  by  the  turn- 
spit, in  the  absenca  of  the  housewife's  eyes,  for  the  pleasure  of  licking 
his  unclean  fingers."     This  evil  propensity  of  human  tttrnspita,  however, 
eventually  led  to  their  diimissal^  and  to  the  employment  of  another  spe- 
cies, which,  if  not  better  disposed  to  resist  the  same  temptations,  had 
less  opportunitieB  afforded  of  tailing  into  them.     These  were  the  canina 
laborers  already  noticed. 


Na.ie.    HurlioBUl  Tnad-WhnI,  frgai  Afriool*. 

BonzoiUal  tread-wheels  for  raising  water  are  described  by  Agricola, 
from  whoso  work,  De  Re  MetaUiea,  we  have  copied  the  figure.  Two 
men  on  opposite  sides  of  a  horizontal  bar,  against  which  they  lean, 
push  with  their  feet  the  hnrs  of  the  wheel  on  which  they  tread,  behind 
them.  Similar  wheels,  inclined  to  the  horizon  were  abo  used.  For  an 
other  kind  of  tread-wheel,  see  chapters  11,  and  17.  On  the  Noria  and 
Chain- pump. 

In  all  the  preceding  machines  the  roller  is  used  \a^ horizontal  position; 
but  at  iome  unknown  period  of  past  ages,  another  modification  was  de- 
vised, one,  by  which  the  power  could  be  applied  at  anv  dislance  from 
the  centre.  Instead  of  placing  the  roller  as  before,  over  the  well's  mouth, 
it  was  removed  a  short  dista.ace  from  it,  and  secured  in  a  vertical  position, 
by  which  it  was  converted  into  the  wheel  or  capstan.  One  or  more  hori- 
sontal  bars  were  attached  to  it,  of  a  length  adapted  to  the  power  em- 
ployed, whether  of  men  or  animals;  and  an  alternating  rotary  movement 
imparted  to  it,  as  in  the  common  wheel  or  capstan,  represented  in  the  next 
figure,  No.  26.  It  appears  from  Belidor,  (Tom.  ii,  333)  that  machines  of  this 
kind,  and  worked  by  men  were  common  in  Europe  previous  to,  and  at  the 
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time  lie  wrote.  Samedmes  the  shaft  was  placed  in  the  edge  of  the  well, 
BO  th&t  the  person  that  moved  it  walked  round  the  latter,  uid  thus  occo' 
pied  leas  space. 


Ia.it,   CMan«WbMlaTC>{i«t>«. 


Circumstances,  highly  illustrative  of  European  manners  dnrin^  the 
early  part  of  the  17th  and  preceding  oentnries,  are  associated  with  the  in- 
trodliiction  af  tabU-forkM.  They  were  partialty  known  in  Italy  in  the  11th 
century,  for  in  a  letter  of  Peter  Damiani,  who  died  in  1073,  mention  is 
■Hade  of  a  lady  from  Constantinople,  who  was  married  to  the  Doge  of 
Venice,  and  who  among  other  strange  customs,  rerjuired  rain-water  to 
vraah  herself,  and  was  so  fastidious  respecting  her  food,  as  to  use  a  fork, 
and  a  golden  one  too,  to  take  her  meat,  which  was  previously  cut  into 
small  pieces  by  her  servant  Lon.  Quart.  Review,  vol.  58.  (April,  1837.) 
They  are  mentioned,  (probably  as  curiositieH)  in  a  charter  of  Ferdinand 
I.of  Spun,  1101,  and  in  the  wardrobe  accouiitsof  Edward  I.  of  England, 
'a  pur  of  knives  with  sheathes  of  silver  enameled,  and  aforke  of  cbrystal,' 
are  specified.  Fosbroke,  Ency.  Ant.  Forks  were  common  in  Italy  in 
the  Idth  century,  although  nearly  unknown  in  France  and  England  in  the 
following  one.  At  the  close  of  the  16th,  they  are  noticed  as  a  luxniy  in 
France,  and  latdy  introdueed.  Henry  the  Fourth's  fork  is  sdll  preserved 
— it  has  two  prongs,  and  is  of  steel.  So  late  as  1641,  they  were  not  um- 
versal  in  Pans.  In  a  representation  of  a  great  feast  held  by  the  cobblers 
in  that  year,  and  attended  by  musicians,  &c. — no  foHts  are  on  the 
table^the  carver  holds  what  appears  to  be  a  leg  of  mutton  with  one  hand, 
while  with  the  other  he  cats  a  slice  oS,  for  a  lady  seated  next  to  him. 
Hone's  Every  Day  Book,  vol,  ii,  1055. 

They  were  not  used  in  England  till  about  the  some  time,  a  period  much 
later  than  might  have  been  supposed.  In  1611,  an  Engllshpian  was  ridi< 
ouled  for  using  one.  This  was  Coryatt  the  eccentric  traveler.  "  I  ob- 
served," he  says,  "a  custom  in  all  those  Italian  cities  and  townea  through 
the  which  I  passed,  that  is  not  used  in  any  other  countiy  that  I  saw  in  my 
travels ;  neither  do  I  think  that  any  other  nation  of  Chnstendome  doth  use 
it,  but  only  Italy.  The  Italian  Etnd  most  strangers  that  are  commorant, 
[dwelling]  m  Italy  do  alwaiea  at  their  meales  t(*e  a  HUU  forkt,  when  tfaey 
cut  their  ineate.  For  while  with  their  knife,  which  they  hold  in  one 
hand,  they  out  the  meate  out  of  the  dish,  they  fasten  their  foi^e  which 


„glc 


n  TOlfF^lt.  [Book  L 

the;  hold  m  the  other  hand,  upon  the  Mma  didb.  So  that  whatsoever  he 
be,  that  sitUng  in  the  company  of  any  others  at  meale,  •hould  unadvuedly 
tonch  the  diah  of  meate  with  his  fingers,  from  which  all  at  the  table  doe 
cat,  he  will  give  occasion  of  offense  anto  the  company,  as  havies  tisn*' 
gressed  the  lawes  of  good  manners ;  insomuch  that  for  his  error,  he  shall 
be  at  least  brow-bealen,  if  not  reprehended  in  words.  This  Tonne  of 
feeding,  I  understand,  is  generally  used  in  all  places  in  Italy,  their  forkes 
being  for  the  moat  part  made  of  yroa  or  Steele,  and  some  of  silver ;  but 
these  are  used  only  by  gentlemen.  The  reason  of  this  their  curioai^  is, 
because  the  Italian  cannot  by  any  means  hare  his  dish  touched  with  fin- 
gers, seeing  all  men's  fingers  are  not  slike  cleane — hereupon  I  myself 
thought  good  to  imitate  the  Italian  fashion,  by  this,^J!:Ai  cutting  of  meate, 
not  only  while  I  was  in  Italy,  but  also  in  Germany,  and  uAentimes  In  Eng- 
land since  I  came  home :  being  once  quipped  for  that  frequent  using  of 
ray  (brke,  by  a  certwn  learned  gentleman,  a  familiar  Friend  of  mine,  ons 
l&sler  Laurence  Whitaker,  who  in  his  merry  humour  doubted  not  to 
call  me  Fmre^er,  only  for  using  a  forke  at  feedmg." 

In  this  extract,  we  have  a  view  of  Italian  gentlemen  'feedbg'  in  the 
beginning  of  the  17th  century,  and  in  the  following  one,  we  obtain  an  in- 
nght  into  British  manners  during  the  middle  of  it.  Forty  years  af^r  the 
publication  of  Coryatt's  Travels,  a  Manual  of  Cookery  appeared,  con- 
taining the  following  inicructiona  to  British  ladies,  when  at  table.  "  A 
Kntlewoman  being  at  table,  abroad  or  at  home,  must  observe  to  keep  her 
dy  stTAighte,  and  lean  not  by  any  means  upon  her  elbowes — nor  by  ra- 
venous gesture  discover  a  voracioos  appetite.  Talke  not  whan  you  have 
meata  in  your  mouthe ;  and  do  not  atoacke  like  a  pig—nor  eat  spoime- 
meat  so  hot  that  the  tears  stand  in  your  eyes.  It  is  very  uncourtly 
to  drinke  so  large  a  draught  that  your  breath  is  almost  gone,  and  you  are 
forced  to  blow  strongly  to  recover  yourselfe.  Throwing  down  your  li- 
quor as  into  a  funnel,  is  an  action  fitter  for  a  juggler  than  a  gentlewoman. 
In  carving  at  your  own  table,  distribute  the  best  pieces  first,  and  it  will 
appeare  very  decent  and  comely  to  Kse  a^^itey  to  totuA  nc  pieoetfrnaat 
wtiAeut  it."  This  elegant  extract  is  from  '  T%e  Aecon^Med  L/odtf*  SieK 
CHoiet  ^Raritie*.'  London,  1653.  Neither  knives  nor  forks  were  used  al 
the  tables  of  the  Egyptians.  A  representation  of  a  feasting  par^  is  sculp- 
tered  on  a  tomb  near  the  pyramids,  a  copy  of  which  is  inserted  in  VoL  il, 
of  Wilkinson's  intcresdng  work.  One  gentleman  holds  a  small  joint  of 
meat  in  his  hand,  two  are  eating  fish  which  they  retain  in  their  fingers, 
while  another  is  sepatadng  the  wing  of  a  goose  with  the  same  implements. 
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Thk  last  three  chapters  include  moat  of  the  methoda  adopted  hy  the  an- 
cienta  to  raiae  waler  for  domestic  pwsosea.  There  ig,  however,  another 
clasa  of  machines  of  eqnal  merit  and  importance,  which  probably  had 
dieir  origin  in  agriculture,  i.  e.  in  the  irrigation  of  land.  Fersons  who 
lire  in  temperate  cHmates,  where  water  generally  abounds,  can  scarcely 
realize  the  unportanca  of  artifidal  irrigatitm  to  the  people  of  Asia  aiat 
other  parts  of  the  earth.  It  was  this,  which  chieflv  contributed  to  sup- 
port those  swarms  of  human  b^iu;*,  who  anciently  dwelt  on  the  plains  of 
tfa«  Euphrates,  the  Ghnges,  the  Nile,  and  other  large  rivers.  In  Egypt 
alone,  Uie  existence  of  millions  of  our  species  has  m  all  times  depended 
wholly  upon  it,  and  hence  ths  antiquity  of  machines  to  raise  water  among 
that  Mople,  The  definition  of  oriental  agriculture  is  all  but  incompre- 
hensU>le  to  on  uninformed  Americui  or  Eiuropeao — it  is  said  to  consist 
chiefly,  "b  hftving  soitahte  machines  for  raising  water,"  a  definiiioa  suffi* 
ctently  de«cri^ve  of  the  profession  of  our  firemen,  but  few  people  would 
ever  suppose  it  explanatory  of  that  of  a  farmer.  It  is  however  literally 
true.  Irrigation  is  everything — ibe  whole  system  of  husbandry  is  iudo- 
ded  in  it;  and  no  greater  proof  of  its  value  need  be  given,  than  the  &ct 
of  maohines  employed  to  raise  water  (or  that  purpose  in  Egypt,  being 
taxed. 

The  agricultural  pursuits  of  man,  must  at  a  very  early  period  have  con- 
vinced him  of  the  value  of  water  in  increasing  the  fruitfulneaa  of  the  soil; 
he  could  not  but  observe  the  fertilising  effects  of  rain,  and  the  rich  T^e> 
tation  consequent  on  the  periodical  inundations  of  rivers;  nor  on  the  other 
hand,  etmld  he  potsibly  have  remained  ignorant  of  the  sterility  cooae- 
i^uent  on  long  oontinoed  drou^bts  :  hence  nature  taught  man  the  art  of  tr- 
ngatine  land,  Biid  ootiGrmed  him  in  the  practice  of  it,  by  the  benefits  it 
iiivaru£ty  produced.  In  some  countries  the  soil  was  urns  rendered  so 
•xoeedingly  firuidnl  aa  to  exceed  credibili^.  Herodotus,  when  spealt- 
ing  of  Baliylonia,  which  was  chiefly  watered  by  artificial  irrigation,  (for 
the  Assyrians  he  observes,  'had  but  little  r^,*)  says,  it  was  the  most 
frnitfU  of  all  the  countries  be  bad  visited.  Cora,  be  nid  never  produced 
less  than  two  hnadred-fold,  and  aometimet  three  huodred ;  and  after  re- 
citing some  odier  examples,  he  lemaHu,  that  those  ^taons  who  had 
not  seen  the  country,  would  deem  his  account  of  it  a  violation  of  proba- 
bility— in  other  words,  a  traveler's  tale.  Clio,  193.  Five  hundred  years 
afterwards,  the  elder  Pliny  speaking  of  the  same  country,  obawves, 
"diere  is  not  a  territory  in  all  tke  east  oompaiable  to  it  in  fertiliw;" 
while  in  another  part  of  his  vrorlt,  he  refers  to  the  ootue  of  its  fruitiiil- 
neas — ^be  s^s,  the  principal  care  required,  was,  "to  keep  the  groond  well 
watered."  Nat.  Hiat.  vi,  26,  and  xviU,  17. 
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Mr.  St.  John,  meDlioiu  a  ipecieB  of  Indian  corn  CTOwio^  in  the  field* 
of  Egypt,  prodigiously  prolific.  On  one  ear,  three  thousand  grains  were 
reckoned!  and  a  lady,  vha  frequently  mode  the  experimsnt  in  the  The- 
t>aid,  constantly  found  between  eighteen  hundred  uid  two  thousand. 
Ec'ypt  and  Mkhontmcd  Ali,  vol.  i,  143.  Another  proof  of  the  value  of 
irngacion  is  given  by  Herodotus.  When  speaking  of  that  part  of  Egypt 
near  Mamphu,  he  observes,  that  the  peopte  enjoyed  the  fnuta  of  the  earth 
with  the  smallest  tabor.  "  They  have  no  occasion  for  the  process  tu/r  the 
uutrumaUa  of  agriculture,  usual  and  necessary  in  other  countries."  This 
remark  of  the  historian,  has  been  ridiculed  by  some  authors ;  but  its  truth 
has  been  verified  by  recent  travelers.* 

The  advantages  of  artificial  irrigation  have  not  only  been  known  from 
the  earliest  ages,  but  some  of  the  most  stupendous  works  which  the  intel- 
lect of  man  ever  called  into  existence,  were  designed  for  that  purpose  ; 
works  so  ancient  as  to  perplex  our  chronologists,  and  so  vast  as  to  incline 
soiue  historians  to  class  them  among  nataral  formationa.  Ancient  writers 
unite  in  asserting  that  hake  MasrU  was  *  the  work  of  men's  hands,'  and 
constructed  by  a  king  of  that  name  ;  its  prodigious  extent,  however,  has 
led  some  modern  authors  to  question  its  dleged  origin,  although  artificial 
works  still  extant,  equal  it  in  the  amount  of  labor  required  ;  as  the  Wall 
of  China,  the  Pyramids,  and  other  works  of  ancient  Egypt  Sir  William 
Chambers,  when  comparing  the  works  of  the  remote  ancients  with  those 
of  Greece,  observes  that  the  city  of  Babylon  would  have  covered  all 
Attica  ;  that  a  greater  number  of  men  were  employed  in  building  it,  than 
there  were  inhabitants  of  Oreece  ;  that  mora  materials  were  consumed  in 
a  single  Egyptian  Pyramid,  than  in  all  the  public  structures  of  Athens ; 
and  &at  Lake  Mareotis  could  have  deluged  the  Peloponnesus,  and  ruined 
all  Greece.  But  incredible  as  the  accounts  of  Lakes  Moeris  and  Mareotis 
may  appear,  these  works  did  not  surpass,  if  they  equaled,  another  example 
of  Egyptian  engineering,  which  had  prnrioiuly  been  executed.  This  waa 
the  removal  of  the  Nile  itself!  In  the  reign  of  Menea,  (the  first,  or  one 
of  the  first  sovereigns)  it  swept  along  the  Libyan  chain  of  mountains,  that 
is,  on  one  tide  of  the  valley  UmI  constitutes  Egypt ;  and  in  order  to  render 
it  equally  beneficial  to  boUi  sides,  a  new  channel  was  formed  through  the 
centre  of  the  valley,  into  which  it  was  directed  :  an  undertaking  which 
indicates  a  high  degree  of  scientific  knowledge  at  that  early  period. 

Before  the  takes  and  canals  of  Egypt  or  China  could  have  been  under- 
taken, the  inhabitants  must  have  been  long  under  a  regular  government, 
and  one  which  could  command  the  resources  of  a  settJed  people,  and  of  a 
people  too,  who  from  experience  could  appreciate  the  value  of  such  works 
tor  the  purpose  of  irrigation,  aa  well  as  the  inefficiency  of  previous  devices 
for  the  same  object ;  that  is,  of  machinet  for  TBising  the  water  :  for  if  it 
be  supposed  the  construction  of  canals  to  convey,  of  reservoirs  to  contain, 
and  of  locks  and  sluices  to  distribute  water,  precedtd  the  use  of  machines 
for  raising  it — it  would  be  admitting  that  men  in  ignorant  times  had  the 
ability  to  conceive,  and  the  skill  to  execute  the  most  extensive  and  perfect 
works  that  civil  engineering  ever  produced — to  have  formed  lakes  like 
oceans,  and  conveyed  rivers  through  deserts,  ere  they  well  knew  how  to 
raise  water  in  a  bucket,  or  transmit  it  through  a  pipe  or  a  gutter.  The 
fact  is,  ages  must  necessarily  have  elapsed  before  such  works  could  have 
been  dreamt  of,  and  more  before  they  could  have  been  accomplished. 
Individuals  would  naturally  have  recourse  to  rivers  in  their  immediate 
vicinity,  from  which  (the  Nile  for  example)  they  must  long  have  tmled  in 

■St  John,  vol.  i,  ISL    Lindsi^,  LeL  6. 

i:„t.-e::,G00»^lc 


Olup.  11.]  Axunt  Egypt.  81 

msing  wstBT,  before  they  would  ever  think  of  procuring  it  from  other 
p«rt8  of  the  same  Btrcam,  ftt  diatances  varying  from  ten  to  a  hundred  miles, 
or  conaent  to  labor  for  its  conveyance  over  such  extensive  spaces. 

How  eKtremely  ancient,  theo,  must  hydraulic  tnacbinery  be  in  Egypt, 
when  such  works  as  we  have  named,  were  executed  in  times  that  cmns- 
pired  long  before  the  commencement  of  history — times  that  have  been 
considered  as  extending  back  to  the  infancy  of  the  world !  Bat  if,  as  is 
gensially  supposed,  civiliiation  and  the  arts  daeeitded  the  Nile,  then 
mochioes  for  raising  water  must  have  been  employed  on  the  tipper  borders 
of  that  river  belbre  Lower  Egvpt  was  peopled  al  all.  Tn  Nubia  and 
Abysunia  they  have  at  aU  times  been  indispensable,  in  consetjuence  of  the 
elevation  of  the  banks  and  the  absence  of  rain ;  while  in  Middle  and 
Lower  Egypt,  during  the  intervals  of  the  annual  overflow,  they  were  also 
the  only  resource ;  and  at  no  time  even  there,  could  those  grounds  which 
lay  beyond  the  reach,  or  above  the  iimndatioii,  be  irrigated  without  them. 
The  surface  of  the  river  during  '  tow  Nile'  is,  in  parts  of  Nubia,  30  feet 
betow  the  banks,  in  Middle  Egypt  20  feet,  and  diminishes  to  the  Delta." 
In  other  countries,  rou»-water  was  (and  still  is)  collected  into  reservoirs 
on  the  highest  places,  and  diatributed  as  required ;  but  nothing  of  this  kind 
could  everhave  takenplacein  tfaelandof  the  Pharsohs.  We  are  informed 
the  inhabitants  of  ancient  Thebes  were  once  thrown  into  great  constema- 
tion  by  a  phenomenon  which  they  looked  upon  as  an  omen  of  feartul 
import — it  was  simply  a.  ikotorr  ofraisk  I  This  circumstance  explains  the 
cpmion  of  the  old  Egyptians,  in  supposing  ihe  Greeks  subject  to  iominea, 
as  their  harvests  depended  on  rain.     Hetod.  ii,  13. 

A  striking  result  derived  from  on  examination  of  Egyptian  history,, 
observes  Mr.  Wilkinson,  is  the  conviction,  that  the  earliest  times  into  whichi 
we  are  able  to  penetrate,  dnlized  cotamimiliet  already  existed,  and  socoen 
possessed  all  the  features  of  later  ages.  The  most  remote  period  to  wht^' 
we  caa  see,  opens  with  a  nation  possessing  all  the  orli  of  civilized  lif^ 
already  titatiati.  The  pyramids  of  Memphis  were  erected  within  ihre* 
hundred  years  of  the  Deluge  ;  and  the  Tomba  of  Beni-Hsssan,  hewn  and 
painted  with  subjects  describing  the  arts  and  manners  of  a  refined  people) 
about  six  hundred  vears  after  that  event.  From  these  paintings,  aus.  wa 
learn  that  the  manufacture  of  linen,  of  cabinet  work,  of  glass,  of  eiaboraM 
works  in  gold  and  silver,  bronse,  &«.  and  numerous  games,^  &c.  were 
dien,  as  now,  in  vogue.  The  s^le  of  architecture  was  grand  snd  chaste^, 
for  the  fluted  columns  of  Beui-Hassan  "  are  of  a  character  calHug  to  mind 
the  purity  of  the  Doric."  Indeed,  modem  science  and  Ebe  researches  of 
travelers  are  duly  adducing  facts  which  set  at  defiance  our  ordinary  chn>- 
tiological  theories,  but  which  appear  to  strengthen  the  opinion  en  thosO' 
commentators  of  the  scriptures,  who  conrider  the  Deluge  of  Noah  to  have  - 
been,  like  that  of  Deuc^ion,  loeai,  not  universal ;  a  doctrine  inconsistent 
widi  the  postdiluvian  origin  of  the  mechanic  arts  geaerally,  and  of  simple 
machines  for  raising  water  in  particular. 

There  is  a  striking  resemblance  between  the  early  history  of  Egypt  and' 
diat  of  China,  with  regard  lo  the  origin  of,  and  esteem  for  agrieulture,  re- 
ligious ceremonies  connected  widi  it,  artifiinal  irrigation,  modes  of  working' 
the  soil,  and  implements  used.  This  art  among  Mtth  people  was  coeval' 
with  their  existence  as  nations,  and  doubdessextendsback,  as  ancient  wrt-- 
ten  assert,  to  periods  anterior  to  Noah's  flood.*    SHiNrnme,  the  '  diTine- 
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tnubftDdman'  retembled  Osuii.  He  bagan  to  nign  2832,  B.  C.  or  nearly 
fire  hundred  yean  before  the  deluge  ;  utd  it  ii  in  imituian  of  thia  antedi- 
hivian  monarch,  tb&t  tbe  emperon  at  the  present  day,  plough  a  portion  of 
land  wilb  their  own  handa,  and  sow  different  lunda  orgrain,  once  a  year. 
Such  it  appeara  was  also  the  practice  of  Egyptian  mottarcba,  fi>r  emblema- 
tical repreaentations  of  them  breaking  up  tbe  soil  with  a  hoe,  are  found 
amoog  the  sculptures.  Osiris  inatruoled  them  in  agriculture,  and  taught 
them  tbe  value  and  practice  o(  inigalio».  He  confined  the  Nile  wiuiti 
banks,  and  formed  sluices  to  water  tbe  land.  On  these  accounts  was  ba 
idolized  after  death,  and  worsbipped  as  a  god  ;  and  ibe  ox,  which  he  taught 
them  to  employ  in  the  cultivation  of  the  soil,  was  selected  to  persoDate 
bim.  In  accoraance  with  this  custom,  tbe  Israelites  made  and  wdrabipped 
the  calf  (or  ox)  in  the  wilderness ;  and  Jereboam  to  gratify  the  ignorance 
or  superstition  of  his  countrymen,  placed  golden  statues  of  them  in  Dan 
and  Bethel ;  or,  perhaps  from  policy,  introducing  the  wor^p  of  Apis,  M 
a  compliment  to  Shishait,  with  whom  be  had  fonnd  a  refuge  from  die 
wrath  of  Solomon.  Similar  to  the  wonhip  of  Apia,  is  tbe  great  festivtl 
of  the  Chinese  when  the  sun  reaches  the  lfi°  of  Aqcaiins,  during  which 
a  figure  of  a  ctno  is  carried  in  the  procesaions.  The  feast  of  Lanterns  of 
thia  people,  is  alsojike  that  of  Ziunpw  anciently  held  over  all  Bgypt  Herod. 
ii,  62.  The  celebrated  Yu  was,  like  some  of  his  predecesaon.  raised  to 
"  ~'  '  "  '  '        zricultorai  li ' 


the  throne  of  China,  on  account  of  his  agricultonl  labon.  We  ■ 
formed  that  he  drained  a  great  portJon  of  tbe  land  ;  and  thai  be  wrote  se- 
veral books  on  tbe  cultivation  of  the  soil,  and  on  irrigatum.  He  flonrish- 
■ed  2805,  B.  C.  or  about  140  years  after  tbe  flood.  Seveniean  years  after 
ihis  death,  it  is  admitted  that  nuaboiidry  became  tf/tttmaticaUy  orgamiaxd, 
which  Deceaaaiity  included  a  settled  plan  of  anificittl  irrigation.  A  writer 
■in  the  Chinese  Repoaitoty  observes,  "in  these  early  ages,  the  {imdamental 
-maxims  of  the  science  of  buabandry  were  eatabb^ed,  which  so  far  as  we 
•can  learn,  have  bempraetited  U>  the  pretent  day."  Vcd.  iii,  121.  Egypt- 
Han  hnabaiidry  we  are  told  conaiated  chiefly  in  having  proper  t»aeki»eM  for 
'raising  water,  and  small  canals  judiciously  disposed  to  distrtbnte  it  over 
(their  fields.  In  both  these  respects  it  resembled  that  of  China  at  the  pre- 
•ent  day ;  a  portable  machine  to  ruse  water,  being  as  necessary  an  imple- 
^ment  to  a  Chiuese  peasant  as  a  spade  is  to  one  of  ours. 

The  mythology  of  the  whole  ancient  world  seema  not  tmly  to  have  been 
iBlimately  associated  with  asricultare,  but  appears  to  have  been  based  up- 
•en  it  To  the  invendon  of  the  plough,  and  the  irrigation  of  land,  all  the 
mysteries  of  Ceres  may  be  referred.  The  great  importance  of  agricul- 
'tnre  dn  furnishing  food  to  man,  induced  legislators  at  an  early  penod  to 
devise  means  to  promote  nt.  This  they  accomplished  by  connecting  it 
whk  the  worship  o(  the  geda ;  and  by  classing  the  labors  of  hnabandry 
■among  iLe  most  essential  of  religious  duties.  This  system  seems  to  have 
been  oniversaL  It  was  incorporated  by  the  Roman  lawgivers  with  tbe 
institutions  of  that  people.  Plutarch,  in  his  Ufe  of  Numa,  eipreaaly  at&tes 
thai  aose  of  the  laws  were  designed  to  recommend  agricultare  "  as  a  part 
of  religion."  See  also  Pliny,  xvii,  2,  The  taered  booh*  of  almost  all  the 
ancient  nations  placed  irrigation,  diggine  of  tanks  and  wells,  among  those 
acts  most  acceptable  to  die  goda ;  ana  hence  tbe  Zendavesta  of  the  Per- 
akna,  and  the  Shaster  of  the  Hindoos,  diatincdy  inculcate  tbe  conveying 
<of  waterto  barren  land,  as  one  of  the  precepta  of  religion. 

Asnoeountry  depended  more  upon  agriculture  for  the  pbyncal  and  poli- 
'tical  existence  of  its  inhabitants,  than  Egypt ;  so  nowhere  was  religious  ve- 
■neration  for  it  carried  to  a  ffreater  extent.  We  are  informed  thaar  pricata 
and  statesmen  used  "  all  ueir  infiuence  in  advancing  the  prospan^  and 
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4flaidor  of  agricaltnre ;"  and  a*  Osiria  made  bit  mm  plough,  hoik  Icmn 
and  priesta  wore  sceptrea  of  the  form  of  diot  implement.  So  SAnnblA 
were  they  of  the  bteMui^  derived  from  agriculture,  that  they  not  only  en- 
forced the  worahip  of  Otlns  and  Isis  for  its  diacov«ry  and  introduction, 
but  caused  even  the  animals  (onen)  that  OMiited  in  the  cultivation  of 
theirlandito  be  honored  with  religfiouB  ritei.  It  catmot  therefore  be  wxtp- 
poaed,  that  a  people,  who  thus  conMcrated  almoat  every  thin^  connec- 
led  with  hnabandry,  should  neglect  that  in  which  it  chiefly  consisted,  vis : 
iBKisATtON ;  for  this  was  the  real  cause  of  the  amasing  frtiitfnhiess  of 
their  soil,  and  of  their  individual  and  mtional  prosperity.  Thus  Isis  is 
often  found  represented  with  a  backet,  as  an  emblem  of  irrigadon,  and  of 
the  fecundity  of  the  Nile.* 

From  the  foragoing  remarka  the  great  antiquity  of  machines  for  raJsii^ 
water  may  be  iu&rr^  ;  for  artificial  irri^ujon  certainlv  gave  birth  to  the 
most  valuable  of  our  hydraulic  engines,  if  it  be  not  inoeed  the  gr«at  p«p 
rent  of  diem  alL 

The  ancient  praetioe  of  conatmodng  iBrge  tanks,  to  collect  water  for  ii^ 
ligation,  is  still  followed  in  various  pans  of  the  east,  and  their  dimeDsiom 
render  our  reservoirs  comparadvely  insignifieant  In  the  Camatic,  M»ns 
are  eight  tiulet  m  laigtk,  aad  tiree  in  breadth.  In  Bengal,  they  freijuentty 
cover  a  hundred  acres,  and  are  lined  with  stone.  Knox,  in  his  Historical 
Relation  of  Ceylon,  (Lon.  16Bt,)  says,  the  natives  formed  them  of  two 
and  three  fathoms  deep,  some  r^  which  were  in  length  'above  a  mile.'  (p. 
9.)  To  these  reservoirs,  and  the  difficulty  of  making  them  sufficiently 
tight  to  hold  (he  water,  there  is  an  allusion  in  Jeremiah  ii,  13.  Le  Corote, 
mentions  them.  When  limited  quantises  of  water  were  required  at  a 
distance,  at  places  situated  hisher  than  it*  source,  it  was  often  carried  in 
vessels  suspended  from  a  yoke,  and  borne  across  the  shoulders.  Tht* 
mode  is  sdll  practised.  In  the  plains  of  Damar  in  Arabia,  water  is  drawn 
from  deep  wells,  and  thus  carried  to  the  fields.  Dr.  Shaw  observes  of 
the  country  of  the  Benni  Mezzah,  (in  ancient  Mauritania)  it  has  no  rivu- 
lets, "but  is  supplied  altogether  with  well  water."  "Persia,"  myf 
Fryer,  "is  chieny  beholden  to  wholesome  springs  of  living  water  to 
quench  the  thirst  of  plants  as  well  as  living  creatures."  This  mediod  tfl 
pursued  hv  the  Hindoos,  Japanese,  Cfainese,  JavEuiese,  Tartars,  Sat.  in 
wueiittg  tnoae  terraces  which  they  construct  and  culdvate  on  the  sides  of 

"  The  Chinese,"  ravB  Le 
Comte,  "have  everywhere  in 
Xehri  and  Xann,  for  want  of 
t«in,  certain  pirs  from  twenty 
to  a  hundred  and  twenty  feet 
deep,  from  which  they  draw 
water  by  an  incredible  toil  to 
irrigate  their  land."  That  the 
mode  of  carryinK  water  to  the 
fields  by  the  yoke,  was  prac- 
tised in  Egypt  in  ancient  times,  ■ 
appears  irom  the  figures.  No. 

_   _ .  .     ..,,-,      .„^'27,  copied  from  sculptores  at 

Bern  Hassan,  the  oldest  monn- 
ments  extant  in  diat  county.     One  of  these  wooden  yokes,  was  found  at 
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Thebes,  with  leather  Btraps  and  bronze  huckle*,  and  is  now  preserved  in 
England.  The  yoke  ie  aoout  three  feet  seven  inches  long,  and  the  straps, 
which  are  double,  about  sixteen  inches.  Some  yokes  had  from  four  to 
eight  straps,  according  to  the  purposes  for  which  they  were  intended. 
Wilk.  An.  Egypt,  vol.  ii,  138. 

As  watering  the  land  ha«  always  been  the  staple  employment  in  Egypt, 
there  can  be  little  doubt,  that  the  Israelites  were  employed  in  this  service. 
We  are  informed,  "  their  lives  were  made  bitter  unto  them  by  hard  bon- 
dage, in  mortar  and  in  brick,  and  in  aU  manner  of  tervice  in  the  fidi" 
And  in  Deuteronomy,  xi,  10,  irrigating  the  land,  is  expressly  mentioned 
U  one  of  their  labors.  In  Leviticus,  thev  are  remindea  that  it  was  God 
who  brought  them  out  of  Egypt,  and  delivered  them  from  slavery,  who 
broke  the  bands  of  tbeir  yoke  and  made  them  go  upright;  alluding  to 
tbe  stooping  posture  consequent  on  the  long  continued  use  of  the  yoke ; 
and  in  case  of.  disobedience,  they  were  threatened  with  subsequent  thral- 
dom, to  "serve  their  enemies  in  hunger  and  nakedness,  and  with  a  yoke 
on  their  necks ;"  a  literal  description  of  them  when  thos  employed  in 
watering  the  lands  of  their  oppressors.  A  passa^  in  the  Slst  Psalm,  ap- 
pears to  refer  expressly  to  their  deliverance  from  this,  and  another  labo- 
rious method  of  watering  the  soil.  "I  removed  his  shoulder  from  tha 
burden,  his  hands  were  delivered  from  the  pots."  The  severity  of  this 
labor,  may  be  inferred  from  that  of  Chinese  peasants,  who  carrying  bur- 
dens like  the  Egyptians,  have  deep  impressions  worn  on  their  shoulders 
by  the  yoke.  Osbeck's  Voy.  i,  252, 

It  was  a  common  custom  of  old  to  employ  slaves  and  prisoners  of  war, 
in  watering  and  working  the  land.  Herodotus,  i,  66,  observes  of  the 
Lacedemonians,  that  after  the  death  of  Lycurgus,  they  invaded  the  Te- 
geans,  and  carried  with  them  a  quanti^  of  fetters  to  bind  their  enemies; 
but  they  were  themselves  defeated,  and  loaded  with  their  own  fetters, 
were  employed  in  the  fields  of  the  Tegeans :  and  Joshua,  in  accordance 
with  this  custom,  made  the  captive  Gibeonites  'hewers  of  wood  and 
drawers  of  water.'  Isaiah  alludes  to  the  same,  Ix,  5 :  tirw^r*  tAall 
stand  &ad/eed  yonrjiockt,  and  the  sons  of  the  alien  shall  be  yoor  plough- 
men  and  your  vine  dreuert. 

This  figure  represents  a  modem  la- 
borer of  Hindostan,  and  it  will  serve 
also  to  represent  those  of  Chine  and 
other  Asiatics,  who  carry  water  to  their 
gardens  and  fields  in  precisely  the  same 
way.  It  will  be  perceived  that  the 
Jbrta  of  the  vessels  is  similar  to  that 
of  the  old  Egyptian  Pots  in  the  pre- 
ceding figure,  and  that  both  of  them 
serve  to  corroborate  our  views  respect- 
ine  the  origin  of  the  forms  of  these, 
an^  other  domestic  vessels  of  capacity. 
There  is  another  mode  of  carrying 
Wtt-M,  HiBd«Wu«Cmrri«.  water,  which  was   anciently  pracused, 

but  of  which  we  do  not  remember  to 
hai'e  seen  any  particular  notice.  It  is  represented  in  Plates  50,  and  75. 
Pitt  Storia  DeirArte.  A  conical  vessel  bent  like  the  horn  of  an  ox,  i« 
bome  on  the  shoulder,  the  large  and  open  end  projecting  in  front,  so  thai 
die  bearer  could  discharge  any  part  of  its  contents,  by  inclining  it,  which, 
in  one  6eure  is  effected  by  means  of  a  cord  going  round  it,  and  one  end 
held  in  ue  hwd.     These  vessels  are  figured  as  large  as  the  ^bodies  c^ 
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those  who  carry  them,  and  appear  to  have  been  furmed  of  staves,  and 
hooped. 

Ab  an  evidence  of  the  antiquity  of  watering  land  with  pots,  we  may  re- 
fer to  one  of  the  constellations,  to  "  Aquarius"  or  the  "  Water  Pourer,"  a 
figure  which  was  adopted  as  an  expressive  emblem  of  that  season,  when 
rains  descended,  and  the  lauds  were  irri^ted  by  nature  Blone.  Although 
it  may  poB«bly  be  true,  as  some  authors  suppose,  that  some  of  t)ie  present 
signs  of  the  Zodiao  were  substituted  for  more  ancient  ones  at  some  period 
of  time,  posterior  to  the  Argonautic  expedition — (see  Goguet'a  Disserta- 
tion on  the  names  and  figures  of  the  constellations — Orimne  des  Loix, 
Tom.  ii.)  there  are  others,  and  among  them  the  "  Water  Pourer,"  which 
are  for  any  thing  known  to  the  contrary,  origiiud  Jigurei,  adopted  by  the 
first  cultivators  of  astronomical  knowledge,  i.  e,  by  the  antediluvian  sons 
of  Sbth,  who,  according  to  Josephus,  were  the  "  inventors  of  that  peou- 
liar  sort  of  wisdom  which  is  concerned  with  the  heavenly  bodies  and  their 
order;"  (AuL  B. i,  chap.  3.)  and  which  signs  were  continued  by  iheir 
Buocessars,  the  Chaldeans,  in  the  first  ages  after  the  flood,  and  have  re- 
mained unaltered  to  our  days.  The  extreme  antiquity  of  astronomy,  and 
its  connection  vntk  agricnUure,  are  undoubted,  of  which  we  shall  meet  with 
other  examples  besides  the  one  just  given.  This  connection  was  the 
source  of  the  great  mass  of  tymioluxU  imagery  which  pervades  the  his- 
tory, mythology,  and  almost  every  thing  connected  with  the  remote  an- 
cients ;  most  of  which  is  so  perplexing  to  decipher,  and  the  greater  part 
of  which  has  defeated  all  attempts  of  the  modems  salisfaciorily  to  explain. 
In  the  time  of  Job,  who  is  supposed  to  have  lived  before  Moses,  the 
constellation  I  were  well  known.  "  Canst  thou  bind  the  sweet  influences 
of  Pleiades,  or  loose  the  bands  of  Orion,"  xxxviii,  31.  "  Which  roakelh 
Arcturus,  Orion  and  Pleiades,  and  the  chambers  of  the  south."  ix,  9.  In- 
deed, M.  Bailey  and  others  have  admitted  that  the  aAtrouomy  of  Chaldea, 
India,  and  Egypt,  is  but  the  wreck  of  a  great  system  of  astronomical  sci- 
ence, which  was  carried  to  a  high  degree  of  perfection  in  the  early  age* 
of  the  world. 

When  water  is  only  required  to  be  raised  two  or  three  feet  from  a 
tank  or  river,  a  vessel  suspended  by  four  cords,  and  worked  by  two  men, 
is  very  extensively  used  m  the  east.  In  E^pt  it  is  named  the  "  Mental," 
die  figure  of  which  is  copied  from  OroMde  Deseri^iim. 


A  small  trench  is  dug  on  the  edge  of  the  river,  on  the  borders  of  which 
two  men  stand  oppoute  each  other.  They  hold  in  each  hand  a  cord,  the 
ends  of  which  are  attached  to  a  haiixt  of  palm  leaves  covered  with  leather. 
After  launching  it  into  the  water,  they  lean  backwards  so  as  to  be  half 
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•eUed  on  Binall  iDonnda  of  nrtb  niaed  for  the  pnrpoK,  by  which  the 
weight  of  the  body  assiatt  in  raising  the  load,  as  it  ia  awung  towards  the 
gutter  or  basin  formed  on  the  bank  to  receive  it.  The  movements  tf  the 
men  are  regulated  by  chanting,  a  custom  of  great  antiquity,  and  adopted 
in  all  kinds  of  mcmual  labor  where  more  than  one  penoa  were  engaged. 

Sonnerat  has  figured  and  described  (Vol.  ii,  13S,)  a  similar  contrivance 
of  the  Hindoos.  "  They  use  a  basket  for  watering,  which  is  made 
impenetrable  with  cow  dung  and  clay  ;  it  is  stispended  by  four  cords ;  two 
men  hold  a.  cord  in  each  hand,  draw  up  the  water,  and  empty  it  in  balan- 
cing the  baskeL"  Mr.  Ward  aays  this  machine  is  commonly  used  in  the 
south  of  Bengal  to  water  the  hnd.  HisL  Hindoos,  9S.  Travelers  in 
China  have  noticed  it  in  use  there.  "  Where  the  elevation  of  the  bank 
over  which  water  is  to  be  lifted  is  trifling,  they  sometimes  adopt  the  fol- 
lowing simple  method.  A  li^t  water-tight  Ixisket  or  bucket  is  held  sus- 
pended on  ropes  between  two  men,  who,  by  alternately  tightening  and  re- 
laxing the  ropes  by  which  they  bold  it  between  them,  give  a  certain 
swinging  motion  to  the  bucket,  which  first  fills  it  with  water,  and  then 
empties  it  by  a  jerk  on  the  higher  level ;  the  elastic  ^raig  which  is  in  the 
bend  of  the  ropes,  serving  to  diminish  the  labor."  Davis' China,  Vol.  5, 
3fi8. '  Chinese  Repos.  Vol.  iii,  126.  Sir  Qeorge  Staunton  also  described  it, 
with  an  engraving ;  by  which  it  appears  the  Chinese  do  not  use  a  bank  of 
eanh  or  any  other  prop,  like  the  Egyptians,  to  support  them  in  their  la- 
bor. Osbeck  has  noticed  a  pecuHar  feature  in  workins  these  baskets.  He 
says  Chinese  laborers  twist  the  cords  as  the^  lower  Uie  vessel,  and  when 
it  is  raised,  the  tmttnuting  of  them,  overturns  it  and  discharges  the  contents. 
This  mode  of  rusiog  water  in  China,  was  noticed  by  Gamelli,  in  1685, 
although  not  particularly  described  by  hira ;  he  says  "the  Chinese  itvw 
up  water  in  a.  basket,  two  men  walking  at  the  rope." 

Of  all  employments  in  ancient  and  modem  Egypt,  this  may  be  consi- 
dered the  most  laborious  and  degrading.  The  wretched  peasants,  naked 
or  nearly  so,  may  he  seen  daily,  from  one  end  of  Egypt  to  the  other,  in 
the  exercise  of  this  severe  l^fn-.  "  I  have  seen  them,"  says  Volney, 
"  pass  whole  days  thus  drawing  water  from  the  Nile,  exposed  naked  to 
the  sun,  which  would  kill  us.  To  this  mode  of  raising  water  there  is 
probably  an  allusion  in  the  latter  clause  of  the  passage  already  quoted 
from  the  Slat  Fsalm :  "  His  hands  were  delivered  from  the  pots,"  w 
"  batkeU,"  as  the  word  is  somedmes  translated,  and  is  so  in  this  instance 
in  the  margin  of  the  conomon  English  version.  Indeed,  it  was  peculiarly 
appropriate  that  a  Fsalm,  written  as  this  was,  to  celebrate  ibe  deliverance 
of  the  Israelites  from  Egyptian  bondage,  should  allude  to  some  of  the 


irrigate  the  land  was  emphatically  "  the  labok  of  EaTrr,"  from  which 
they  were  freed. 

Some  additional  remarks  to  those  on  page  81,  respecting  other  arts  and 
customs  delineated  on  Egyptian  monuments,  may  interest  some  readers. 

SaUij»gJish  seems  to  have  been  a  regular  profession  in  ancient  Egypt, 
and  by  processes  similar  to  those  now  in  use  ;  although  it  was  not  till  the 
16th  century  that  the  art  was  known  in  modem  Europe,  when  'William 
Bukkum,  a  Dutchman,  who  died  in  1447,  "  found  out  the  art  of  salting, 
smoking,  and  preserving  herrings."  It  is  also  not  a  little  singular  that  the 
Sgyptians  had  a  religious  rite,  in  which,  as  in  modem  Lent,  every  person 
Ue  fish.  They  used  the  spear,  hook  and  line;  drag,  seine  and  other  nets. 
Part  of  a  net,  with  leads  to  unk  it,  has  been  found  at  Thebes.  Wealthy 
indiTiduala  bad  private  ^sh-ponds,  in  which  they  angled.     They  hunted 
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with  dogs;  and  alao  with  die  lion,  which  wu  taraed  for  that  purpose. 
Th«  DOOM  or  luBO,  and  variouB  traps,  were  coiumon.  Cattle  were 
branded  with  the  names  of  their  owners.  In  taking  birds,  thejr  had  decoyi 
and  nets,  Uke  modem  fowlers.  Beer  was  an  Egyptian  beverage,  and 
ouons  a  favorite  esculent — these  were  as  superior  in  taste  to  ours,  as  in 
the  elegance  of  the  bunches  in  which  they  were  tied.  At  feasts  they  had 
music  and  dancing,  castanets,  and  even  the  pirwteUe  of  Italian  and  French 
artitta.     They  had  'grae^  at  meals  ;  and  wore  wreaths  of  flowers  and 


se^ys. 


1  battles  and  ointments,  the  odor  of  some  of  whidt 


remains.  The  ladies  wore  necklaces  formed  of  beads  of  gold,  glass, 
and  of  precious  stones,  and  even  of  itrtitalion  stones.  In  dress  they  had 
cotton  and  linen  elodis  :  some  of  the  latter  were  so  fine  as  to  be  compared 
to  nwvtM  air,  through  which  the  person  was  disbm^^  seen ;  and  the  former 
of  patterns  similar  to  those  of  modem  calicos.  Eitekiel  speaks  of  "  fine 
linen  with  broidered  vrork  from  Egypt;"  and  in  Exodus  it  is  often  Doen- 
tioned.  They  had  tissues  of  silver  and  gold,  and  doth  formed  wholly  of 
the  latter.  In  furniture,  carpets  and  rugs  ;  one  of  the  latter  was  found  at 
Thebes,  having  figures  of  a  boy  and  a  goose  wrought  on  it  Toilet  boxes 
inlaid  with  various  colored  woods,  and  ornamented  with  ivory  and  golden 
stud*.  Sofas,  chairs,  stools  and  ottomans,  all  imitated  in  modern  articlea. 
Bedsteads  enclosed  in  mosqaeto  nets;  and  pillows,  the  latter  of  wood,  the 
material  of  which  they  were  formerly  made  in  Europe.  Inlaid  works  of 
gold,  silver,  and  bronze.  Vases  of  elegant  forms  and  elaborate  workman- 
ship :  great  numbers  of  these  are  represented  among  the  varieties  of  tribtiie 
carried  by  ^re^«rt  to  Thothmea  III,  in  whose  reign  the  Israelites  left 
Egypt.  Door-hinges  and  bolts  of  bronze,  similar  to  the  modern ;  scale- 
beams,  enameling.  Gold-beating  and  gilding.  Gold  and  silver  wire ;  some 
rcimens  are  flattened  with  the  hammer,  others  are  believed  to  have  been 
wn.  Veasals  with  spouts  like  those  of  our  tea-kettles  ;  one  of  the  best 
proofs  of  skill  in  working  sheet  metal. 

Glass  blowers  are  represented  at  work,  and  vessels  identical  with  onr 
demijohns  and  Florence  flasks  have  been  found,  and  both  protected  with 
reed  or  wicker  work-'—bestdes,  pocket  bottles  covered  with  leather,  and 
other  vessels  of  giaaa,  cat,  cast  and  blown.  Goldsmiths  in  their  shop* 
are  shown,  with  bellows,  blow-pipes,  crucibles  and  Aimaces;  golden  bas- 
kets of  open  work;  solder,  hard  and  soft,  the  latter  an  alloy  of  tin  and 
lead.  Stone  cutting;  the  form  of  the  mallet  the  same  as  ours.  Chisels  of 
bronze;  one  found,  is  nine  and  a  quarter  inches  long,  and  weighs  one 
pound  twelve  ounce^^ts  form  resembles  those  now  in  use.  Wheel* 
wHghts  and  carriage  makers  at  work;  &om  which  it  is  ascertained  that 
^e  best  or  improved  carriage  pole  of  modem  days,  was  in  use  upwards 
of  three  thousand  years  ago.  Carpenters'  and  cabinet  makers*  shops,  are 
represented;  from  which  and  from  specimens  of  work  extant,  we  leun 
that  dovetailing  and  doweling,  glue  and  vateeriiig  were  commm.  Adsei, 
saws,  hatchets,  drills  and  bows,  were  all  of  bronse.  Models  of  boata. 
The  leather  cutter's  knife  had  a  semioirciUar  blade,  and  was  identical  widt 
the  modem  one.  Shoe  and  sandal  makers  had  strwght  and  bati  awla; 
the  latter  was  supposed  to  have  been  a  modern  invention — the  bristle  at 
the  end  of  a  thread  does  not  seem  to  have  been  nsed,  as  one  person  is 
seen  drawing  the  thread  through  a  hole  with  his  teeth.  Lastly,  Egyptian 
ladies  wore  their  hair  plaited  and  curled ;  they  had  mirrors,  needles,  pins, 
and  jewelry  in  grest  aouudance;  they  had  fans  and  combs;  one  of  the 
latter  has  teeth  larger  on  one  side  than  on  the  other,  and  the  centre  is  carved 
and  was  probably  inlaid.  Their  children  had  dolls  and  other  toys;  and. 
the  gentlemeu  used  walking  canes  and  wore  wiga,  which  were  common. 
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CHAPTER   XII. 


MoBT  of  the  machiaes  hitberto  noticed,  ruse  water  by  meana  of  flexi- 
ble cords  or  chains,  and  are  generally  applicable  to  wells  of  great  depth. 
Wo  now  enter  upon  the  examination  of  another  variety,  which,  with  one 
exception,  (the  chain  of  pots)  are  coniposed  of  inflexible  materials,  and 
raise  water  to  limited  heights  only.  Another  important  distinction  be- 
tween them  is  this — In  preceding  machines,  the  'mechanical  powers'  are 
distinct  from  the  hydraulic  apparatus,  i.  e.  the  wheels,  pulleys,  windlass, 
capstan,  Sec.  farm  no  essendal  part  of  the  tnachiiies  proper  for  raising  the 
water,  but  are  merely  employed  to  transmit  motioT)  to  them  ;  whereas 
those  we  are  now  about  to  describe,  are  made  in  the  ^fitrm  of  levers, 
wheels,  &c.  and  are  propelled  as  such.  The  following  figure,  represenla 
one  of  the  earliest  specimeits. 


It  Is  simply  a  trough  or  gutter,  the  open  end  of  which  rests  on  the 
bank,  over  which  the  water  is  to  be  elevated;  the  other  end  being 
closed  is  plunged  into  the  liquid,  and  then  raised  till  its  contents  are  dis- 
charged. It  forms  what  is  called  a  lever  of  the  second  order,  the  load 
being  between  the  fblcrum  and  the  power. 


Ha.  3L     DoaMa  Ouiuc 


This  figure  represents  an  improvement,  being  a  double  gntter,  or  two 
of  the  former  united  and  placed  across  a  trough  or  reservoir  designed  to 
receive  the  water.  A  partition  is  formed  in  the  centre,  and  two  openings 
made  through  the  bottom  on  each  of  its  sides,  through  which  the  water 
that  is  raised  escapes.  The  machine  is  worked  by  one  or  more  men, 
who  alternately  plunge  the  ends  Into  tho  water,  and  consequendy  pr»- 
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duce  a  continuons  dischuge.  Sometimea,  opemngs  are  made  in  the  bot- 
tom next  the  laborers,  ami  covered  by  flaps,  to  admit  the  water  vrithoat 
the  necessity  of  wholly  immening  those  ends.  Machines  of  this  kind  are 
described  by  Belidor,  but  be  has  not  indicated  their  origin.  From  their 
simplicity,  they  probably  dale  from  remote  anuqui^.  They  aro  obviously, 
modificaidons  of  the  JatUu  of  Hindostan  and  oUier  parts  of  Asia,  and 
wer«  perhaps  carried  to  Europe,  (if  not  known  there  before)  among  other 
oriental  devices,  soon  af^r  a  commanication  with  that  country  was  opened 
by  the  Cape  of  Good  Hope, 

THE  JAMTU. 

The  janta  is  a  machine  eiEtensirely  used  in  Ben^l  and  other  parU 
of  India,  to  raise  water  for  the  irrigation  of  land,  and  is  thus  described  by 
by  Mr.  Ward,  in  his  History  of  the  Hindoos.  "It  consiats  of  a  hollow 
trangh  of  wood,  about  Hfteen  feet  long,  six  inches  wide,  and  ten  inchea 
deep,  and  is  placed  on  a  horizontal  beam  lying  on  bamboos  Axed  in  the 
bank  of  a  pond  or  river.  One  end  of  die  trough  rests  upon  the  bank, 
where  a  gutter  is  prepared  to  carry  off  the  water,  and  the  other  end  i* 
dipped  in  the  water,  by  a  man  standing  on  a  stage,  fivmgmg  it  ut  with  hit 
faot,  A  long  bamboo  with  a  large  weif^t  of  earth  at  the  fardier  end  of 
It,  is  fastened  to  the  end  of  tbe  jantu  near  the  river,  and  passing  over 
the  gallows  before  mentioned,  poises  up  tbe  jantu  full  of  water,  and 
causes  it  to  empty  itself  into  the  gutter.  This  machine  raises  water  three 
fiet,  but  by  placing  a  series  of  them  one  above  another,  it  may  be  raised 
to  any  height,  the  water  being  discharged  into  small  reservoirs,  suf- 
ficiently deep  to  admit  the  jantu  above,  to  be  plunged  low  enough  to  fill 
it."  Mr.  Ward  observes,  that  water  is  thus  conveyed  over  rising  ground 
to  the  distance  of  a  nule  and  more.  In  some  parts  of  Bengal,  tbey  have 
different  methods  of  raising  water,  "  hut  the  prvteipU  ii  the  tante." 

There  is  in  this  apparendy  nide  machine,  a  more  perfect  application  of 
mechanical  science,  than  would  ^pear  to  a  general  observer.  Aa  the  ob- 
ject of  the  long  bamboo  lever  is  to  overcome  the  weight  of  the  water,  it 
might  bo  asked,  why  not  load  the  end  of  the  jantu  itself,  which  is  next 
the  bank  sufficiently  for  that  purpose,  and  thereby  avoid  the  use  of  thta 
additional  lever,  which  renders  the  apparatus  more  complex,  and  appa?- 
rently  unnecessarily  so  1  A  little  reflection  will  develope  the  reasons  that 
led  to  its  introduction,  and  will  at  the  some  time  furnish  another  proof  of 
oriental  ingenui^.  Ai  tbe  position  of  the  jantu  is  nearly  horizontal 
when  it  discbarges  the  water,  if  the  end  were  loaded  as  propped,  it  would 
descend  on  the  bank  with  an  increasing  velocity ;  for  the  weight  would 
be  at  the  end  of  a  lever  which  virtually  lengthened  as  it  approached  the 
horizontal  position ;  and  this  effect  would  oe  still  further  augmented  by 
the  resistance  of  the  water  diminishing  as  the  jantu  rose,  that  is,  by  in 
flowing  towards  the  centre— the  consequence  would  be,  that  the  violent 
concussions,  when  thus  brought  in  contact  with  the  bank,  would  speedily 
shake  it  to  pieces.  Now  tbis  result  is  ingeniously  avoided  by  the  lever 
and  its  wei^L  Thus,  when  the  Isborer  has  plunged  the  end  of  the  jan- 
tu next  him  into  the  water,  this  lever  (as  we  suppose,  for  we  have  not 
seen  a  figure  of  it)  is  placed,  so  as  to  be  nearly  in  a  horizontal  poniien,  by 
which  its  maximum  force  is  exerted  at  the  precise  time  when  it  is  re- 
quired, i.  e.  when  the  jantu  is  at  its  lowest  position  and  full  of  water ; 
and  as  the  latter  ascends,  the  loaded  end  of  the  lever  descends,  and  lU 
force  diminishing,  brings  the  end  of  the  jantu  gradually  to  rest.  A 
•omewhat  similar  effect  might  be  produced,  by  malung  the  load  on  the  !»• 
18 
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Tsr  descend  into  tlM  water,  espeeiBlly  if  its  ^mafic  gravity  varied  but 
little  from  that  fluid.  Traits  like  thii,  wbich  Etre  often  found  in  andent 
device*,  are  no  mean  proofs  of  skill  in  the  older  nwcbanicians ;  and  M 
professors  of  the  fine  arts,  discover  the  works  of  masters  by  certain  char- 
acteristic touches,  and  by  the  general  effect  of  a  painting  or  sculpture— so 
professors  of  the  nseful  arts  mav  p<nnt  to  features  like  the  above,  aa  proofs 
that  tbev  boar  the  impress  of  ttte  master  mechanics  of  old. 

At  what  period  in  the  early  histm-y  of  our  species  this  class  of  ma- 
chines was  first  devised,  can  only  be  conjectured  ;  diey  sxe  evidently  of 
very  high  anldquin' ;  this  is  inferable  not  only  from  their  simplicity,  ex- 
tensive use  over  all  Asiai — where  it  may  be  said,  machinea  for  raising  wa- 
ter have  never  changed — but  also  from  the  mode  of  working  them,  by  the 
fiU.  Every  one  acquainted  with  the  bible,  knows  that  nnmerous  opera- 
tions were  ^us  performed.  The  juice  of  grapes  was  expressed  by  men 
treading  them ;  and  the  tombs  of  Egypt  eontain  sculptures  representing 
this  and  o&er  operations.  Mortar  was  mixed  and  clay  prepared  for  the 
potter  by  the  feet.  The  Chinese  work  their  mangles  by  tlie  feet;  and 
both  diey  and  modem  Egyptians,  and  Hindoos,  move  a  variety  of  other 
machines  by  the  same  means  :  among  these  are  several  for  raising  water, 
as  the  Ficotah  of  Hindostan,  (described  in  the  next  c^hapier,)  the  chain 
pump  of  China,  and  we  may  here  remark,  that  aU  the  machines  far  raising 
water  described  by  Vitruvins,  with  one  exception,  were  propelled  by  the 
feet,  or  as  expressed  in  the  English  translation,  by  the  "  treading  of  men  " 
It  is  not  at  all  improbable,  that  to  the  Smttv,  Hoses  alluded  when  descri- 
bing to  his  conntrymen  the  land  to  which  he  was  leading  them  :  "  A  land 
of  hills  and  valleys,"  that  "  drinketh  water  of  the  tain  of  heaven,"  where 
tbey  should  not  be  employed,  as  in  Egypt,  where  rain  was  generally  un- 
known, in  the  perpetual  labor  of  rusing  it  to  irrigate  the  soil :  "  For  the 
land  whither  thou  goest  in  to  possess  it,  is  not  as  the  land  of  Eeypt  from 
whence  ye  came  out,  where  thou  sowedst  thy  seed,  and  wala-edtt  it  tath 
thyfoot."  Deot.  xi,  10.  Some  authors  suppose  this  possa^  refers  to  tbe 
oriental  custom  of  opening  and  closing  the  small  channels  for  water,  that 
intersect  the  fields ;  but  this  trifling  l^r  would  scarcely  have  been  men- 
donedby  Moses,  as  constituting  an  im/p&rtaint  dutmetitm  between  the  two 
countries.  It  was  in  (act  common  to  both.  It  is  much  more  probable 
diat  be  referred  to  the  severe  and  incessant  ttnl  otraitiMg  water,  to  which 
they  had  been  subject  in  Egypt,  and  which  would  be  in  a  great  degree 
•uperseded  in  Canaan  by  the  "  rain  of  heaven."  He  could  not  possibly 
have  pointed  out  to  them,  a  more  encouraging  feature  of  the  country  to 
which  they  were  migrating. 

A  very  interesting  proof  that  the  Egyptians  in  the  time  of  Moses  did 
propel  machines  by  the  feet,  has  recently  been  brou^t  to  light.  In  one 
of  tbe  tombs  at  Thebes,  which  bears  the  name  of  Thothmbh  III.  there 
is  a  sculptured  representation  of  scune Egyptian  beUowt  which  were  thus 
worked.  We  shall  have  occasion  to  refer  to  them  when  we  come  to  in- 
quire into  the  history  of  the  pump,  in  the  third  book.  This  mode  of 
transmitting  humaji  energy  appears  to  have  been  quite  a  favorite  one  in 
ancient  times ;  for  the  purpose  of  illuitrstion  we  will  describe  one  which 
is  identical  with  the  Jantn  ;  and  is  moreover  one  of  the  nuat  common  im- 

flemencs  connected  with  ancient  and  modem  ae'riculture  in  the  east :  "  The 
'kdai.,"  says  Mr.  Ward,  "  is  a  rough  piece  of  wood,  generally  the  trunk 
of  a  tree,  balanced  on  a  pivot,  with  a  head  something  like  a  mallet ;  it  is 
used  to  separata  rice  from  the  husk,  to  pound  brick  dust  for  buildings,  &:c. 
A  person  stands  at  the  fiirther  end,  and  with  bis  feet  presses  it  down, 
which  raises  up  the  head,  after  which  he  lets  it  bll  on  the  rice  or  brick. 
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"One  of  tbeie  pedsU  is  sat  up  U  almett  every  koMt  in  cotrntt;  placet." 
This  primitive  iroplement  ia  uv>  in  general  use  in  tbe  aenculturKl  dittricU 
of  China.  "  The  next  thing,"  B«.y»  a  writer  in  ihe  Chineie  Repository, 
VoL  iii,  233,  "is  to  divest  the  grain  of  the  bask;  lliis  ia  dime  by  ponnding 
il  in  stone  raorMrs ;  two  of  these  are  placed  in  the  ground  together,  ana 
have  corresponding  pestles  of  wood  or  stone  attached  to  long  leven.  A 
laborer  by  alternately  stepping  vjwn  each  lever  pounds  the  grain,  kc" 
Paper  milla  of  the  Chioese,  by  which  the  shreds  of  bamboo  ajod  the  fa- 
rina of  rice  are  reduced  to  a  pulp,  are  precisely  the  same,  and  worked  by 
men  treading  on  levers  a*  in  the  jantn.*  And  we  may  add,  that  the  paste 
of  which  Macaroni  is  made,  is  kneaded  by  a  nmilar  implement,  and  which 
the  Romans  probably  received  from  the  east 

Hence  it  appears  that  the  jantn  is  merely  one  of  a  class  of  mechiaee 
of  simitar  eonstructioB  and  moved  in  the  same  manner ;  and  as  the  pedal 
of  the  Hindoos  ia  supposed  to  be  as  old  as  their  agrieultnre,  the  Jantn 
may  certainly  be  considered  equally  anuant,  for  it  is  the  more  in4>ortBnt 
machine  of  the  two.  They  both,  however,  appear  to  have  had  a  oom- 
moa  origin  %  and  to  have  come  down  together  tnroa^  the  loeg  viata  of 
past  sgei,  withont  the  slightest  alteration.  The  iact  of  the  jsntn  being 
•till  used  in  India  proves  its  anUquity,  for  it  is  well  known  that  the  ICn- 
doos  retain  the  same  customs  and  pecuharities  that  distinguished  their  ao- 
eestora  thousands  of  years  ago.  "A  country,"  says  Dr.  Robertson,  "where 
die  customs,  manners,  and  even  dress  of  tne  people,  are  almost  as  perma- 
nent and  invariable  as  the  face  of  nature  itself."  This  attachment  to  an- 
cient customs  exists  with  singular  force  in  regard  to  every  thing  con- 
nected with  their  agriculture.  Like  the  Chinese  and  some  other  people  of 
the  east,  nothing  can  induce  them  to  deviate  from  the  practice  ot  their 
forefathers,  either  as  it  regards  their  implements  or  modes  of  cultivation. 
And  when  we  bear  in  mind,  that  the  Iftndoos  were  among  the  earliest  ot 
civilized  people ;  that  it  was  their  arts  and  their  science  which  enlightened 
the  people,  who,  in  the  early  ages  dwelt  in  the  valley  of  the  Nile  ;  we 
can  readily  admit  that  the  jantu  was  used,  in  the  time  of  Moses,  and 
that  to  it  he  alluded  in  the  passage  already  quoted ;  but,  be  this  as  it  may, 
it  may  safely  be  considered  as  a  fair  specimen  uf  primeval  ingenuity  m 
applying  human  effort,  as  well  as  in  raising  water ;  and  in  both  respects  is 
entiued  to  the  lengthened  notice  we  have  given  it. 

These  machines  when  wotted  by  the  feet  raise  water  only  about  diroe 
feet,  hut  where  the  elevation  il  greater,  they  have  been  moved  by  die 
hands,  by  mean^  of  ropes  and  a  double  lever,  as  in  the  next  figure  ;  the  apeak 
ends  being  attached  by  pins  to  the  edge  of  the  reservoir.  In  this  manner 
water  may  be  raised  five  or  six  feet  at  a  single  lift,  according  to  the  length 
of  the  gutter. 

Contrivances  of  the  kind  were  formerly  used  in  Europe ;  and,  as  in  the 
eastern  world,  series  of  them  were  sometimes  employed  to  raise  wa- 
ter to  great  elevations,  to  the  top  of  boildinn,  &c  They  are  figured 
and  described  in  Serviere's  collectioe.  A  number  of  cisterns  are  placed  at 
equal  distances  above  each  other  from  the  gronnd  to  the  roof.  In  these, 
gutters  are  arranged  as  in  the  figure  ;  the  lowermost  raises  water  into  the 
first,  into  which  others  dip  and  convey  it  u>  the  next  one,  and  so  to  the 
hi^esL  In  some,  the  gutters  are  worked  by  a  combinauon  of  levers ;  in 
euert,  by  ropes  passing  over  pulleys  at  the  highest  part  of  the  building  and 
united  to  a  crank  that  is  attached  to  a  water  wheel  or  other  first  mover, 

■Breton's  China,  Vol.  ii,  3D,  and  Vol.  h,  ST. 
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VftriouB  forms  of  the  gntten  are  figured,  (die  heads  of  some  like  Urge 
bowls,)  u  well  as  mode*  of  working  them.     See  figure  No.  32. 


No.  R    Conbiiuioii  of  Lnan  ud  Gntun. 

There  is  another  modification  of  the  jantu,  by  which  water  may  be 
nuaed  to  great  elevatioDS.  A  number  of  gutters,  open  at  both  ends,  are 
permanently  connected  to,  and  over  each  other,  in  a  zigzag  direction,  so 
that  while  one  end  of  the  lowest  dips  in  the  water,  its  other  end  inclines 
upwards  at  an  angle  proportioned  to  the  length  of  the  gutter  and  the 
motion  to  be  given  to  it,  and  is  united  to  the  lower  end  of  the  next  one, 
which  also  inclines  upwards,  but  in  an  opposite  direcdon,  and  is  united  to 
the  next,  and  so  on,  the  length  of  each  diminishing  as  it  approaches  the 
top,  as  in  the  following  figure. 


No.  33.    FoflduluB  or  BwlDfiDf  Goltui. 

In  the  bottom  of  each,  an  opening  is  made  and  covered  by  a  flap  or 
▼alve  to  prevent  the  water,  when  once  past  through,  from  retuniing.     AU 
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the  gutters  «re  aecored  to  a  frame  of  wood  which  is  suspended  on  a  pin 
secured  to  b.  beam,  so  that  hy  pulling-  the  cords  alternately  the  whole  may 
be  made  to  oacillate  like  a  pendulum.  Thus,  when  pulled  to  one  side, 
one  of  the  lowest  gutters  dips  into  water,  and  scoops  up  a  portion  of  it, 
to  &cilitate  which  the  end  is  curved ;  and  aa  it  rises,  the  liquid  runs  along 
to  the  farther  eud,  and  passing  through  the  valve  is  retained  till  the  mo- 
tion is  reversed,  when  it  flows  down  to  the  next  gutter,  and  paaaing  through 
its  valve,  is  again  continued  in  the  same  manner  to  the  next;  entering  at 
every  oscillaBon  the  ^tter  above,  till  it  reaches  the  highest ;  and  from 
whidi  it  is  discharged  into  a  reservoir,  over  which  the  last  one  is  made  to 
prefect.  A  double  set  of  gutters,  u  shown  in  the  figure,  ^ag  sometimes 
attached  to  the  same  frame,  so  that  a  continuous  stream  could  be  discharg- 
ed into  the  reservoir.  Machines  like  the  above  are  more  ingenious  than 
usefuL  They  do  not  appear  to  have  ever  been  extensively  used,  although 
thay  are  to  be  found  in  Uio  works  of  several  old  writers  on  hydraulics. 
The  one  represented  by  the  figure  is  described  by  Belidor  as  the  inven- 
tion of  M.  Morel,  who  raised  water  by  it  16  or  16  feet.  Similar  machines 
wer«  known  in  the  preceding  centtuy.  A  pendulum  for  raising  water  ia 
described  at  page  95,  of  the  first  volume  of  machines  approved  by  the 
French  Academy,  and  at  page  20fi,  is  a  "  hydraulic  machine"  by  A,  Do 
Courdemoy,  similar  to  the  one  we  have  copied ;  except  that  stjuare  tubes 
were  used  instead  of  open  gutters ;  they  were  also  of  equal  length,  and 
attached  to  a  rectangular  frame,  but  were  suspended  and  worketT  in  tfaa 
•ame  manner  as  No.  33. 

A  different  mode  of  working  these  machines,  waa  devised  by  an  Eng- 
lish engineer.  Instead  of  suspendine  the  frame  like  a  pendulum,  he 
made  [he  lower  part  terminate  in  roektri  like  those  of  a  cradle;  these 
resting  on  a  smooth  horizontal  plane,  a  slight  impulse  put  the  whole  in 
motion.  The  lowest  gutters  at  each  oscillation  dipped  mto  the  water,  and 
raised  a  portion,  aa  in  the  preceding  figure. 


No.  M.    Dotck  Sewp. 


Among  oilier  simple  devices,  is  the  Dutch  scoop,  frequently  used  bjr 
that  people  in  raising  water  over  low  dykes.     It  is  a  kind  of  boX'Shorel 
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nupended  by  ooidd  from  a  triuigiilar  freme,  and  worked  u  repreaented 
in  toe  figure.  By  a  sweeping'  movanent,  tut  expert  laborer  will  throw 
Up  at  each  •troke,  a  cjuantity  of  water  equal  to  the  capacity  of  the  ihovel, 
wthough  from  ita  fona,  such  a  quantity  could  not  be  retained  in  it 

Th«  Flash  Wheel,  is  another  contrivance  to  raise  large  quantities  of  wa- 
ter over  moderate  heights,  being  extensively  used  in  draining  wet  lands, 
Miticularly  the  fens  of  England.  It  is  made  Just  like  the  wheel  of  a  steam- 
Doat,  and  when  put  in  rapid  motion,  gener^y  hy  a  windmill,  it  pushes 
the  water  up  an  inclined  shute,  which  is  so  curved,  that  the  paddlea  may 
•weep  close  to  it,  and  cunseauendy  drive  the  liquid  before  them.  The 
'  back  water'  thrown  up  by  Uie  paddle  wheeU  of  steam  vesaela  i*  raised 
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Of  machines  for  raising  water,  the  Smape  has  been  more  extensively 
used  in  all  ages,  and  by  all  nadons,  than  any  other.  Like  most  im- 
plenents  for  the  same  purpose,  its  application  is  con6ned  within  certain 
limits :  but  these  ore  such  as  to  render  it  of  general  utility.  The  mental 
or  swinging  basket,  and  the  jantu,  raise  the  liquid  from  two  to  three 
feet  only  at  a  lift,  while  the  swape  elevates  it  from  live  to  fifteen,  and  in 
some  cases  still  higher.  It  is  not,  bowever,  well  adapted  for  greater  eleva- 
tions; a  circumstance  which  accounts  for  its  not  having  been  much  used 
in  the  ve/It  of  ancient  cities — their  depth  rendered  it  inapplicable,  as  the 
generality  of  ours  do  at  this  day.  In  Egypt,  this  machine  is  named  the 
SAailoof,  and  in  no  country  has  it  been  more  extensively  employed.  In 
modem  days,  more  persons  ore  there  engaged  in  raising  water  by  it  and 
the  mental,  than  are  to  be  found  in  any  other  class  of  Egyptian  laborers. 
They  raise  the  liquid  at  each  lift  about  seven  feet,  and  where  it  is  re- 
quired higher,  aeries  of  swapes  are  placed  at  proper  distances  above 
each  other,  in  a  similar  manner  as  the  Hindoos  arranxe  the  jantu,  and 
as  shown  in  the  Rgure,  (No.  35.)  The  lowermost  laoorer  empties  his 
vessel  into  a  cavity  or  basin  formed  in  the  rock,  or  in  sml  rendered  imper- 
vious to  water,  three  or  four  feet  above  htm,  and  into  which  the  next  one 
plunges  his  bucket,  who  raises  it  into  another,  and  so  on  till  it  reaches  the 
required  elevatioD.  M.  Jomard,*  a&ys  it  is  not  uncommon  to  see  from 
thirty  to  fifty  ■hadoofs  at  one  place,  raising  water  one  above  another.  At 
Etne,  he  saw  twenty-seven  Arabs  on  one  tier  of  stages,  wtH'klng  fourteen 


■  Gnnda  Dascripiiou.  E.  H.  Tom.  ij.    Uemoin,  Port  9,  p.  780. 
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double  smpea,  i.  e.  two  on  each  frame,  tlie  bucket  of  one  deicending  u 
the  other  tiMi.  They  were  relieved  every  hoar,  so  that  Elly-four  men  were 
reouired  to  keep  the  .jiMcbuies  constantly  u  motioa.  Ihe  overseer  or 
tuk-master  measured  the  time  by  the  sun,  sad  sometimes  by  »  umpla 
clepsydift  or  wateiwJock. 


Ns.  H,    Hodan  E(Tptlu>  uliV  tba  8»pe. 

It  is  impossible  to  pus  up  the  Nile  in  certain  states  of  the  river,  without 
being  surprised  U  the  myriads  of  Uiese  leven,  and  at  their  unceasing  move- 
ments; for  by  relaya  of  men,  they  are  oflen  worked  without  intermission, 
both  nieht  and  day.  In  Upper  Egypt  especially,  where  from  the  elevaaon 
of  the  banks  they  are  more  ikecessary,  and  of  course  more  numerous,  the 
spectacle  is  animating  in  a  high  degree,  and  cannot  but  recaD  to  reflecting 
minds  similar  scenes  ia  the  very  same  places  in  past  Ofea,  when  the  popu- 
lotion  was  greatly  more  dense  than  at  present,  and  the  country  Aimisbed 
gmn  for  surrounding  nadons.  In  some  parts,  the  banks  appear  alive  with 
men  raising  water  by  swmpes  and  the  effect  is  rendered  still  more  impress- 
ive  by  the  songs  and  measured  ehantjngs  of  the  laborers,  and  the.inceBsant 
groans  and  creakings  of  the  machines  themselves.  To  the  ancient  custom 
of  sinsing  vAile  raiting  iBoler,  there  is  an  evident  allusion  in  Isaiah,  xii,  3 : 
Tbersnnv  with  joy  shall  ye  draw  water  out  of  the  wells  of  aalvotioo. 

The  Arabs  have  a  tradidoa 

Aat  the  shadoof  was  used  in 

^^-,    ^^r  -J  the  times  of  the  Pharaohs,  and 

H*™,^^^  a  proof  that  such  was  the  foot, 

^  has  recendy  been  fiimislied  by 

Mr.Wilkin8on,^Vol.  ii,5,)  who 


found  the 


of  o 


ancient  tomb  at  Thebes ; 


lad- 
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dition  to  which  they  ore  repre- 
•ented  in  sculptures  which  data 
Irom  1632  to  IfiSO  B.  C.  a  peii- 
od  extending  beyond  the  Exo- 
dus. No.  36  represents  it  aa 
used  at  that  remote  period  for 
the  irrigation  of  land. 

<>T<k*mp*.    FrtBindptlraiM-llHta. 
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It  appaars  to  have  formed  one  of  a  series,  designed  to  raise  water  over 
the  elevation  feebly  portrayed  in  tbe  back  grouad,  in  precisely  the  same 
way  that  is  now  common  in  Egypt  and  in  the  east,  and  as  sbown  in  No.  35, 
The  remark  of  a  traveler  that  a  Chinese  seemed  to  him  "  an  antediluvian 
renewed,"  might  with  equal  propriety,  be  applied  to  a  modern  Arab 
raising  water  by  this  implement  from  the  Nile  ;  and  the  figure,  No.  36, 
might  be  taken  as  a  probably  correct  representation  of  an  antediluvian 
laborer  engaged  in  the  same  employment.  On  comparing  t})e  last  two 
cuts,  the  former  having  been  sketched  by  Mr.  Wilkinson,  from  life,  but 
three  years  ago ;  and  Uie  latter  copied  from  sculptures  that  have  been 
execnted  upwards  of  three  thousand  years,  we  see  at  onca,  that  the  swape 
has  undergone  as  little  change  in  Egypt,  since  the  times  of  the  Pharaohs, 
as  the  CMtHMC,  if  such  it  may  be  called,  of  the  laborers  themselves;  in  oth- 
er words  both  remain  the  same.  Tbe  discovery  of  this  implement  among 
the  sculptures  of  ancient  Egypt  tends  to  corroborate  our  views  respecting 
the  antiquity  of  other  machmes  for  the  same  purpose,  and  which  like  it  are 
still  in  common  use  in  the  east.  It  also  admonishes  us  not  to  reject  as  im- 
probable or  fabulotu,  current  oriental  traditions ;  since  they  are,  as  in  the 
caae  of  this  machine,  often,  if  not  generally,  founded  in  truth. 

The  swape  seems  to  be  alluded  to  by  Herodotus,  vi,  119,  as  used  in 
Persia  in  his  time.  He  observes  that  Darius,  the  father  of  Xerxes,  sent 
Bome  captives  to  a  certain  distance  from  Susa,  and  forty  furlongs  from  a 
well,  the  contents  of  which  were  "drawn  up  with  an  engine,  to  which  a 
kind  of  bucket  is  suspended,  made  of  half  a  skin  ;  it  is  then  poured  into 
one  cistern  and  afterwards  removed  into  a  second."  This  appears  to 
have  been  the  shadoof  of  the  Egyptians,  as  figured  in  No.  35,  to  which 
there  ia  probably  a  reference  also  in  Clio,  193,  where  he  says  the  Assyri- 
ans irrigated  their  lands  from  tbe  Euphrates  "  by  matutal  lahor  and  by 
hydraidie  engi«e»."  Aristotle  mentions  the  swape  as  in  common  use  unon^ 
the  Greeks.*  Dr.  Clarke  eays  some  of  the  wells  of  Gireece  were  nM 
deep,  and  pulleys  were  not  used,  only  buckets  with  ropes  of  twisted  herbs, 
and  sometimes  the  water  was  raised  by  a  '  huge  lever,  great  stones  being 
a  counterpoise  to  the  other  end.*  A  circumstance  connected  with  the 
overthrow  of  the  Syncuaans,  and  the  death  of  Archimedes,  in  which  the 
flwape  is  referred  to,  may  here  be  noticed.  When  the  Roman  vessels,  at 
die  siege  of  Syracnse  were  grappled  by  hooks  and  elevated  in  the  air, 
by  levers  that  projected  over  me  walls  of  the  city,'  their  resemblance 
to  vessels  of  water  raised  by  the  swape,  was  so  sOikbg,  that  Marcellus 
was  wont  to  say,  "  Archimedes  used  his  ships  to  draw  Viata-  with."'*  This 
remark  of  the  Roman  general  clearly  shows  that  the  swape  was  very  fa- 
miliar to  him  and  to  his  countrymen.  But  we  are  not  lefl  to  circumstan- 
ces like  this  to  infer  its  use  among  the  Romans.  Pliny  expressly  men- 
tions it  among  machines  for  raismg  water.  As  the  passage  is  highly 
interesting,  and  as  we  shall  have  occasion  to  refer  to  it  hereafter,  it  may 
as  well  be  inserted  here.  It  is  in  the  fourth  Chapter  of  die  Nineteenth 
Book,"On  Gardens:"  "  above  all  things  there  should  be  water  atcommand^ 
(if  possible  a  river  or  brook  running  through  it,  but  if  neither  can  be  ob- 
tained,) then  they  are  to  be  watered  with  pit  water,  fed  with  springs ; 
either  draum  tip  by  plain  poles,  hooks,  and  buckets  ;  or  forctd  by  pumps 
and  such  like,  going  with  the  strength  of  wind  enclosed,  or  else  vieighed 
ttp  with  tvnpet  attd  erana."     Holland's  Trans. 

The  Swape  is  extensively  used  over  all  Hindostan.  "  The  peaaants, 
morning  and  evening  draw  water  out  of  wells  by  buffaloes  or  oxen,  or 

■  Bidwp  Wilkiui  on  Dm  brar.    *  PhitsMli'i  lift  orila(e«Uns,Wraiighani's  notes. 
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•lae  bj  •  tbwvt  post,  pcHsed  with  a  aafficient  weight  &t  the  extremi^  laid 
over  one  fixed  in  the  earth ;   the  water   ia  drawn   by  a  bucket   of  goat's 
■kin."*     In   aome  diatricts,   the   Hindoos  hare   a.  mcxte  of  working   the 
Swape,  which,  ao  far  as  we  know,  is  peculiar   to   themaelves.     In   Patna 
it  i>  common,  bikI  the  nutoluBe  when  thai  propelled,  ia  nained  the  PicotaA, 
"  Near  the  well  or  tank,  a  pieco 
of  wood  is  fijied,  forked  at  the 
'  top;  in  thia  fork  another  piece  of 
wood  ia  fixed  to  form  a  swape, 
which   ia    formed    by   a  peg,  aDd 
atepa  cut  out  at  the  bottom,  that 
the   peraoD   who  works  the    ma- 
chine may  easily  get  up  and  down. 
Commonly,  the  lower  part  of  the 
swape  is  die  trunk    of  a  tree ;  to 
the  upper  end  ia  fixed  a  pole,  at 
the  ena  of  which  hangs  a  leather 
bnckeL     A  man  gets  up  the  atepa 
to  the  top  of  the  swape,  and  sup- 
ports  himself  by  a  bamboo  screen 
erected  bv  the  sides  of  the  ma> 
chine."     He    plunges   the  bucket 
into  the  water,  and  draws  it  up  by 
-  his  weight;  while  another  person 
r  stands  ready  to  empty  it.     In  the' 
?  volume  of  plates  to  the  Pari*  edi- 


Ntsr.  Ptoouk  of  WidoMu.  borer  alternately  steps  on  and  off 

the  swape,  from  a  Udder  or  stage  of  bamboos  erected  on  one  aide  of  it 
See  plate  23,  SonneraL 

The  apparatua  end  mode  of  workinf  it,  is  more  fully  described  in  the 
following  extract  from  'Shoberl'a  Hindoatan  in  Miniature.'  "By  the  aide 
of  the  well  a  forkod  piece  of  wood,  or  even  a  stone,  eight  or  ten  feet 
high  is  fixed  upright.  In  the  fork,  is  fastened  by  means  of  a  pe^,  a  beam 
three  rimes  as  long,  which  gradually  tapers,  and  is  fnniiahed  with  atepa 
like  those  of  a  ladder.  To  the  extremity  of  this  long  beam,  which  ia  ca- 
pable of  moving  up  and  down,  ia  attached  a  pole,  to  die  ond  of  which  ia 
atispended  a  large  leather  backet.  The  other  end  being  the  heaviest, 
when  the  machine  is  left  to  itself,  the  bucket  hangs  in  the  air  at  the  height 
of  twenty  feet;  but  to  make  it  descend,  one  man,  and  sometimes  two, 
mount  to  the  middle  of  the  beam,  and  as  they  approach  the  bucket,  it 
sinks  to  the  bottom  of  the  well,  and  fills  itself  with  water.  The  men  then 
move  back  to  the  opposite  end,  the  bucket  is  raised,  and  another  man 
empties  it  into  a  basin.  This  operation  is  performed  with  aach  celerity 
that  the  water  never  eeate»  rmming,  and  you  can  toareety  tee  the  ma» 
moving  along  his  beam ;  yet  he  is  sometimes  at  the  height  of  twen^ 
feet,  at  others,  touching  the  ground;  and  auch  is  his  confidence,  that  hie 
laughs,  siags,  smokes,  and  eats  in  this  apparently  ricklish  situation."  Vol. 
W,  p.  S2,  24.  Thia  mode  of  applying  hunun  effort  'was  early  adopted  in 
the  working  of  pumpa — a  piston  rod  being  ai&ched  to  each  end  of  the 
vibraring  beam.     Dr.  Lardner,  has  inserted  a  figure  of  it  in  hia  popular 
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tKMiw  on  FnetnDBtict.  It  is  figured  in  nioBt  of  tlw  old  kothon,  aitd  waa 
moat  tiltely,  copied  from  the  Picotah,  and  cither  orientMl  macliiiies,  which 
have  been  propelled  in  a  similai'  manner  from  very  remote  times.  Se« 
Gre^ry'*  Mechan.  Vol.  ii,  312.     Ed.  I81& 

The  Sw&pe  is  one  of  the  uicient  and  modern  implements  of  China, 
where  it  is  used,  as  in  Egypt  and  India,  for  the  irrigation  of  land.  It  is 
frequently  made  to  turn  in  a  socket,  (or  the  post  itself  moves  round,)  in 
addition  to  the  ordinary  vibratory  motion.  In  several  situations,  this  is  » 
decided  improvemeat,  as  the  veavel  of  water  when  raised  above  the  edgs 
of  a  tank  or  river,  can,  if  desirable,  be  swung  round  to  any  part  of  th« 
<nrcle  which  it  describes.  Sir  Ocorge  Staunton,  has  given  a  figure  of  it, 
which  Mr.  Davis  has  copied  into  his  popular  work  on  the  Chinese.  When 
dius  constructed,  it  is  according  to  Gkiguet,  (Tom.  iii,  Origine  des  Loix,) 
identical  with  the  engines  mentioned  by  Herodotus,  B.  u,  125,  as  em- 
ployed in  the  erection  of  the  Egyptian  pyramids;  these,  he  supposes  were 
portable  swapes,  or  levers  of  the  first  order,  widi  a  rotary  movement  like 
those  of  the  Chinese.  A  number  of  these  being  placea  on  the  lowest 
tier  of  stones  which  formed  the  basis  of  the  pyramids,  were  used  to  raise 
those  which  form  the  second  der ;  af^r  whicX  other  swapes  were  placed 
on  the  latter  and  materiab  raised  by  them  tor  the  third  range,  and  in  like 
manner  to  the  top,  "X^ii  was  the  protxtt  .which  Herodotus  says  waa 
adopted.  M.  Goguet,  supposes  that  two  swapes  were  employed  in 
nismg  every  stone,  one  at  each  end,  and  that  the  levers  were  depressed 
by  a  number  of  men  laying  hold  of  short  ropes  attached  to  them  for  that 
purpose.  This  mode  appears  to  accord  with  the  meagre  description  of  the 
machines  used  in  the  erection  of  the  pyramids,  which  the  father  of  history 
has  given. 

It  has  already  been  observed,  that  the  engines  employed  by  Archimedes 
to  destroy  the  Roman  ships  in  the  harbor  of  Syracuse,  were  so  anatagvns  to 
fte  swape,  as  to  elicit  from  Harcellua,  an  observation  to  that  effect.  In  fact, 
machines  similar  to  it,  were  used  by  ancient  engineers  both  for  attacking  and 
defending  cities.  Vegetius,  says  they  were  used  to  raise  soldiers  to  the  tops 
of  walls,  kc.  In  the  oldest  translation  of  his  work,  (Erffurt,  Idll,)  there 
u  a  figure  of  it,  which  is  identical  with  the  Chinese  swape,  and  with  that 
which  Goguet  supposes  was  used  by  the  old  engineers  of  EgypL  Bar- 
haro,  in  his  edition  of  Vitruvius,  also  figures  iL  In  Rollin's  'Arts  and 
Sciences  of  the  Ancients,'  are  several  extunples  and  figures  of  it,  applied 
to  the  purposes  of  war ;  and  among  others  to  the  destruction  of  the  Ro- 
man vessels  before  Syracuse. 

A  stoiy  in  the'Heg^cal  Megiales'  shews  how  common  it  was  in  Arabia 
in  the  seventh  and  preceding  centuries.  Mahomet  in  one  of  his  visions 
of  paradise,  "saw -a  machine  much  used  .  in  the  Levant  for  drawing 
water  out  of  wells,  called  by  the  LEitins  ToUetu,  and  conslstiDg  of  a  long 
lever  fixed  on  a  post,  [i.e. the  swape.]  Enquiring  to  whom  it  belonged,  ha 
was  told  it  was  Abougehel's,  (the  bitterest  enemy  to  him  and  his  religion.) 
Surprised  at  this,  he  exclaimed,  '  what  has  Abougehel  to  do  with  paradise, 

's  never  to  enter  there  1'  Shortly  af^r,  he  understood  the  drih  of  the 
}n,  for  the  son  of  his  enemy  became  a  Mussulman,  upon  which  he  ex- 
claimed '  Abaugehel  was  the  tvmpe,  by  which  God  drew  up  his  son  from 
the  bottom  of  l£e  pit  of  infidelity.' "  It  is  used  by  the  Japanese ;  and  as  fi- 
gured by  Montanus,  the  bucket  is  raised  by  pulling  down  die  opposite  end 
of  the  lever  by  means  of  cords  attached  to  it, 

In  Fisher's  "  Constantinople,  and  the  Scenery  of  the  Seven  Churches  of 
Ana."  Len.  1839,  is  a  beautiful  view  of  the  ci^  of  Magnesia  near  Mount 
Spylus,  m  Asia  Minor,  a  ciqr  founded  by  Taniaiut,  whose  fabled  punish- 

fc  ;  -  _ 
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meiit  hu  rendered  )iii  name  notorious.     In  tie  foreground  is  representeJ 
the  following  figure  of  the  iwape,  s  machine  which  the  writer  obaerrea, 
"  forms  H.  conspicuous  object 
M  nay  landKapt  in  the  east 
One  ia  seen  erected  in  nenf 
garden,  and  u  irrigation  is 
constantly    required    in    an 
arid  soil,  it  is  always  in  mo- 
tion, and  its  dull  and  drowsy 
cresJdngis  the  sound  inces- 
santly heard  by  all  travelers." 
In  this  figure  we  behold 
not  merely  a  sketch  of  mo- 
dem  Asiatic  manners;  but 
'  one,  which  as  regards  rais- 
I  ing  of  water;   the  machine 
'  by   which    it    is    efieeted ; 
.  animals  around  it;  costume 
>-  of  the  individuals ;  and  por- 
?  truture   of  rur^  life, — hu 
r  remained    unchanged    from 
^  times  that  reach  back  to  the 
l  infancy  of  our  race,  and  of 
which  history  has  preserved 
no  records. 

J  For  this   interesting   cut, 
for  No.  36  also,  I  am  In- 
Mt.  n.  flnp*  la  Adt  Mtaigr.  debted  to  my  friend  William 

EvEKDELL,  Esq.  who,  be- 
ndes  other  contributions  to  this  work,  undertook  the  task,  to  him  a  novel 
one,  of  engraving  them.] 

The  swape  has  probably  been  in  continual  use  in  Great  Britain,  from 
the  period  of  its  suhjugauon  by  the  Romans,  if  not  before.  It  is  there 
known  under  the  various  names  of  '  Stoape,'  '  Sweep,'  and  in  old  authon, 
'  StBipe.'  A  figure  of  it,  as  used  by  the  a 
Anglo-Saxons,  is  here  inserted,  from  V 
Vol.  i,  of  the  '  Pictorial  History  of 
England,'  copied  from  on  ancient  ma- 
nuscript in  the  British  Museum.  The 
costume  of  the  female,  her  masculine 
figure,  the  shingled  welt,  and  form  of 
the  voae  or  pitcher,  are  interesting,  as 
indicative  of  manners  and  customs,  &c. 
of  former  aces.  The  arm  of  the  lever  to 
which  the  bucket  is  suspended,  appears 
extremely  short,  but  this  is  to  be  attri- 
buted to  its  defective  representation.'^ 
The  following  summary  of  ancient  Brit-^ 
ish  devices  is  from  Fosbroke's  Encyclo-  -= 
pedia  of  Andqui^es.  "  The  Anglo- 
Saxons  had  a  wheel  for  drawing  water 
&om  wells.  They  were  common  annexations  to  houses.  Rings  were 
fixed  to  the  cbams  of  wells.  We  find  a  beam  on  a  pivot,  with  a 
Weight  at  one  end  for  raising  water.  Wheels  and  coverings.  A  lever, 
the  Ailcmm  of  which  was   %  kind  of  gallows  over  the  well.      Two 
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backets  one  at  each  end  of  a  chain  adapted  to  a  Tenable  eneine  called 
volgolus.  Buckets  with  iron  hoops,  and  drawing  water  Troro  deep  wella 
u  a  punishment."  The  swape  appears  to  have  been  the  principal  ma- 
chine in  England  for  nuing-  water  till  Quite  recent  times.  In  the  17th 
century  it  was  used  m  nuoMfarlorUt,  ana  is  not  vet,  perhaps,  wholly  su- 
perseded by  the  putnp.  Bishop  Wilkini,  in  speaking  of  the  lever  and  its 
^plication  by  Archimedes  in  destroying  the  Roman  fleet,  says,  "  it  was  of 
the  same  form  with  that  which  is  oomtnoidy  Mted  by  hretotrt  and  dyeri  for 
the  drawing  of  water.  It  consists  of  two  posts,  uie  one  fastened  perpen- 
dicularly in  the  ground,  the  other  being  jointed  on  cross  to  the  top  of  it," 
Mathemat.  Magic.  B.  i.  Chaps.  4  and  12.  This  was  published  in  1638.  Id 
1736,  Mr.  Ainsworth  published  his  celebrated  Latin  Dictionary,  and  un- 
der the  word  Rach£m>u,  '  a  truckle  or  pulley  used  in  drawing  up  water ;' 
he  adds,  "  perhaps  not  unlike  the  sweep  ota-  bmeert  «m  .■"  hence  at  that 
time,  it  continued  to  be  used  for  raising  water  and  transferring  liquids  in 
English  breweries  and  similar  establishments,  as  remarked  by  Wilkius  one 
hundred  years  before. 

In  Germany  it  was  Irequentlr, 
and  still  is,  a  prominent  object  in 
y  towns  and  villages,  as  well 
arm  yards.  In  the  former  it 
was  frequently  erected  on,  or  at  the 
end  of  bridges  for  the  purpose  of 
raising  water  from  rivep  and  brooks. 
In  the  famous  Nut«mburgh  Chronicle 
it  is  freouently  figured.  From  a  va^ 
riety  of  difierent  forma,  we  have 
selected  No.  40,  as  a  specimen. 

In  the  Cosmography  of  Sehastiaii 
M-unster,  1S50,  it  is  represented  at 
page   729,  as  employed  for  raising 

jply,  by  means  of  pipes,  a  neighboring  town.     Agnci^a,  in 

his  De  Be  MetsUica,  has  also  figured  iL    pp.  443  and  4S6. 


country  ti 
aa  in  fore 
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The  Swape  was  very  common  in  France  and  the  neigbboHng  nations 
on  the  European  continent,  in  the  last  and  preceding  centuries.  It  Is 
named  btuadt  in  France.     The  old  DictimtMave  de  TVevoux,  says  : 

Lea  bascules  les  plus  simple,  sont  celles  c^ui  ne  consistent  qu'en  nne 
piSce  de  bols  soutenue  d'une  autre  par  le  miheu  ou  autrement,  comme 
d'un  esiieu,  pour  £tre  [Jus  au  moins  en  ^uilibre.     tiortqu'on  peae  sur 
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un  Jes  bouts  I'sutre  hausse.  Ces  soitea  de  bascules  sent  les  plus  com- 
munes; on  s'en  sert  pour  Clever  dea  eaux.  Tbc  laat  sentence  is  believed 
to  be  applicable  to  every  part  of  Europe  at  the  present  time,  porhapa 
equally  ao  u  at  any  former  period. 

We  subjoin  a  description  of  one 
proposed  by  James  Besson,  a  French 
mechanician,  S70  years  ago,  by 
which  two  bucket*,  one  at  each  end, 
may  be  used.  As  the  vibration  of 
the  beam  is  ingeniously  effected  by 
a,  continuous  rotary  movement,  a 
figure  of  it  will  be  acceptable  to  the 
intelligent  mechanic. 

The  lever  b  suspended  at  the 
centra  of  its  length,  on  a  pin  which 
passes  through  the  lower  part  of  the 
perpendicular  post,  the  upper  end 
of  which  is  firmly  secured  to  the 
frame  and  cross  piece.  A  perpen- 
dicular shaft  is  placed  immediately 
under  the  lower  end  of  the  post  and 
in  the  same  vertical  line  with  it.  The 
upper  journal  of  the  shaft  enters  and 
No.  H.  Simps  ttea  Baum.  IMS.  turns  in  the  end  of  the  post,  while 

its  lower  one  is  received  into  a  cavi^ 
!n  the  block  upon  which  it  rests.  This  shaft  forms  the  axis  of  an  invertea 
cone  of  frame-work — a  section  of  which,  resembling  an  hyperbolic  currat 
acts  as  it  revolves  on  the  under  side  of  the  swape,  and  imparts  to  it  the 
required  movement.  To  lessen  the  friction,  two  long  rollers  are  fixed  to 
its  under  side,  and  upon  these  only  does  the  curved  edge  of  the  cone  acL 
The  shaft  may  of  course  be  turned  by  any  motive  power.  In  the  figure, 
a  horizontal  water  wheel  is  attached  to  the  shaA,  with  oblique  paddlse 
which  receive  the  impulse  of  the  stream  in  which  they  are  placed.  Thia 
device  may  serve  as  an  example  of  mechanical  tact  and  resource  in  the 
early  part  of  the  16th  century,  when  practical  mechanics  began  to  be  cul- 
tivated as  a  science. 

The  swape  is  commonly  used  by  the  farmers  on  this  continent,  in  the 
vicinity  of  whose  dwellings  it  may  be  seen,  more  or  less,  from  the  St. 
Lawrence  to  the  Mississippi.  In  some  of  the  stales,  it  still  bears  the  old 
English  name  of  the  '  sweep'  as  in  Virginia — in  others  it  is  named  the 
'balance  pole.'  It  prevails  in  Mexico,  Central  America,  Peru,  Chiti,  and 
generally  throughout  the  southern  continent.  There  is  some  uncertainty 
respecring  its  having  been  known  here  before  the  arrival  of  Europeans  in 
the  16th  century.  See  remarks  on  Ancient  Ametican  Machines  in  the 
last  chapter  of  this  book. 

The  swape  appears  to  have  been  used  in  all  times,  for  watering  ^ar(2e)M 
in  the  east,  as  already  observed  of  Asia  Minor,  it  is  there  seen  erected   in 
almost   every  one.     No.   43    represents   it   employed   in  the   gardens  of 
Egypt  during  the  sojourn  of  the  Israelites  in  that  country.     The  tree  and      * 
plant  are  uniform  hioroglyphical  representations  of  gardens. 

The  labourer  discharges  the  contents  of  his  bucket  into  a  wood- 
en trough  or  gutter,  by  which  the  water  is  conveyed  to  the  plants ; 
S  mode  still  followed  through  alt  the  east.  To  this  application  of  the 
swape  there  is  i>robably  a  reference  in  the  prediction  of  Balaam,  delivei^ 
ed  one  hundred  years  qfler  these  figures  -were  sculptured, '  he  shall  pour 
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water  out  of  bis  backets,  and  Mia  seed  shall  be  in  many  waters,  (Nomb. 
xxiv,  7.)  an  intimation  that  Uie  Israelites  should  possess  a  country,  whera 
tbis  great  desideratum  should  be  in  con^>arative  abundance,  a  land  "  wa- 
tered as  a  garden  of  herbs.''  The  Rffure  may  serve  also  to  illustrate  the 
'  gutters  and  watering  troughs'  in  which  Jacob  watered  the  flocks  of  La- 
l»n,  his  father  in  law.     Gen.  mw,  38. 


No.  43.  Efnuiu  Sh>d«r  anplojiad  id  witsriBg  *  (irclFD.  ISSII,  D.  C. 
The  luxunanceof  vegetation  in  an  eastern  garden,  (when  properly  water- 
ed,) the  richnessof  its  scenery,  the  beauty  of  its  foliage  and  rowers,  form 
one  of  the  most  enchanting  prospects  in  nature  ;  hence  it  became  the  most 
favorite,  as  it  was  the  most  natural,  metaphor  of  human  felicity.  'When 
the  prophets  promised  prosperity,  it  was  in  such  language  as  the  fallowing : 
"  Thou  shalt  be  like  a  watered  garden,  and  like  a  spring  of  water  whose 
waters  fail  not,"  and  "their  sotil  shall  be  as  a  watered  garden."  On  the 
contrary,  when  the  wicked  were  denounced,  "ye  shall  be  as  an  oak 
whose  leaf  fadeth,  and  as  a  garden  that  hath  no  water."  The  same  me- 
taphor is  a  frequent  one  in  ancient  ptoets,  and  in  most  instani 
the  swape  is  implied.     Thus  Homer : 

As  when  aatainnal  Boreas  sweeps  tba  >ky. 

And  iiiManl  blows  the  tealend  gardtnM  diy. 
And  Ovid  ! 

As  in  ■  leatend  gardat't  bloomulg  walk.    Mel.  i,  ST7. 

Pliny  mentions  it  expressly  for  the  same  purpose,  and 
■eems  to  allude  in  his  third  satire; 


This  use  of  the  swape  is  not  now  confined  to  the  gardens  of  fallen  Asia, 
Egypt  and  Greece,  but  it  is  employed  by  the  most  enlightened  nations ; 
and  in  London  and  in  Paris,  as  in  Athens  and  Alexandria,  Memphis  and 
Thebes,  this  primitive  implement  has  not  been  auperseded.  In  Breton's 
China,  Lou.  1834,  the  Chinese  awape  is  described  [  and  the  author  ob- 
serves, "  it  is  similar  to  those  which  are  seen  in  the  viarhet  gari!nis  round 
t-ondon  ;"  and  in  a  more  recent  work,  '  Scripture  illustrated  from  Egypt- 
ian Antiquities,'  the  author  speaking  of  the  Egyptian  swape,  says,  it  is  me 
same  as  used  in  the  gardent  of  BrfTrt/ord. 

Of  the  swape,  it  maybe  remarked,  that  the  most-ancient  portraiture 
extant,  of  any  hydraulic  machine,  is  a  sculptured  representation  of  it,  be- 
tween three  and  four  thousand  yearsold,  aod  even  at  that  remote  period 
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U  was  in  bU  prabklnlity  a  very  old  af&ii',  and  in  common  use.  TheM 
sculpture*  moreover  prove,  that  it  has  reniBlned  in  Egypt  unaltered  in  its 
Ibim,  dimensions,  mode  and  material  of  its  construction  and  methods  of  us- 
ing it,  during  at  leaat  thirtv-fonr  centuries  .'  and  this,  notwithstanding  tha 
political  convulsions  to  which  that  country  has  ever  been  subject,  since  its 
conquest  by  Cambyses ;  its  inhabitants  having  been  successively  under 
the  Fenian,  Grecian,  Raman,  Ssroceaic,  and  Turkish  yoke,  thus  hterolly 
fulfilling  a  prophecy  of  Ezekiel,  that,  "  there  shall  be  no  longer  a  prince 
of  the  land  of  Egypt," — a  descendant  of  its  ancient  kings ;  yet  through 
all  these  mighty  revolutions  that  have  swept  over  it  like  the  fatal  Simoon, 
ftnd  destroyed  every  vital  principle  of  its  ancient  grandeur,  this  simple 
machine  has  past  through  them  all  unchanged,  and  is  still  applied  by  the 
inhabitants  to  the  same  purposes,  and  in  precisely  the  same  way,  for  which 
it  was  used  by  their  more  enlightened  progenitors. 

We  have  seen  it  used  by  the  GSreeks  and  Romans,  and  we  find  it  still 
in  the  possession  of  their  descendants,  wherever  they  dwell,  as  well  as 
among  those  of  more  ancient  people,  the  Hmdoos,  Arabs,  and  Chinese. 
And  euthough  we  may  be  unable  to  keep  it  constantly  in  view  in  Europe, 
in  those  ages  which  immediately  followed  the  fall  of  the  Roman  power, 
when  the  ferocious  tyranny  of  the  Saracens  established  a  despotism  over 
the  mind  aa  well  as  the  body  ;  and  by  the  characteristic  zeal  of  Omak, 
entailed  iguorance  on  the  future,  by  consuming  the  very  sources  of  know- 
ledge under  the  baths  of  Alexandria ;  yet,  when  in  the  15th  century,  the 
human  intellect  began  to  shake  off  the  lethai^,  which  during  the  long 
night  of  the  dark  ages  had  paralyzed  its  energies,  ^nApriiUmg  was  intro- 
duced— that  mighty  art  which  is  ordained  to  sway  the  destinies  of  our 
race  forever — among  the  eariiett  of  printed  books,  with  illustrations,  this 
interesting  implement  may  be  found  porffayed  in  vignetlet,  in  vieio»  of 
tsUiet,  and  of  rvmi  Ufe ;  tangible  proofs  of  its  universal  use  throughout 
Eurt^  at  chat  time,  u  well  as  durmg  the  preceding  ages. 

Having  referred  in  this  and  in  a  preceding  chapter,  to  the '  Mathematical 
Magic'  of  Wtlkins,  we  subjoin  some  remarks  on  the  mechanical  specula- 
tions of  that  and  other  old  church  dignitaries.  [These  remarks  were  at 
first  designed  fur  a  note,  but  have  been  too  far  e:(tended  to  be  bserted  as 
one.I  The  formerwas  certainly  one  of  the  most  ingenious  and  imaginative  of 
mechanics  that  ever  was  made  &  bishop  of,  and  not  a  few  have  worn  the 
mitre.  'The  Right  Reverend  Father  in  God,  John,  Lord  Bishop  of 
Chester,'  (like  fnars  Bacon  and  Bungey,  the  Jesuit  Kircher,  the  Abbe 
Hical,  and  a  host  of  others,)  excelled  equally  in  mechanical  and  theologi- 
cal science ;  and  at  one  period  of  his  researches  in  the  former,  seemed 
almost  in  danger  of  rendering  the  latter  superflnoui:  vii.  by  developing 
a  plan  of  conveying  men  to  other  worlds  by  machinery!  See  his  Tract  ou 
on  the  '  Discovery  of  a  New  World  in  the  Moon,  and  the  possibility  of 
A  passage  thither.'  Lon.  1638.  After  removing  with  a  facility  truly  de- 
lightful, those  objections  to  such  a 'passage'  as  arise  from  the  'extreme 
coldness  and  thinness  of  the  etherial  air,'  'the  natural  heaviness  of  a  man's 
body,' and 'the  rast  distance  of  that  place  from  us,'  and  the  consequent 
necessity  of  rest  and  provisions  during  to  long  a  journey,  there  bein?,  as 
fae  observes,  'no  iiws  to  entertaig  passengers,  nor  any  castles  in  the  air  to 
receive  poor  pil^ims' — he  proposes  three  modes  of  accomplishing  the 
object.  1.  By  Uie  application  of  wmg*  to  the  body  ;  'as  angels  are  pio- 
tnred,  as  Mercury  and  Dtedalus  are  feigned,  and  as  has  been  attempted 
hj  divers,  pardcidarly  bjr  a  Turk  in  Constantinople,  as  Btisbeqains  re- 
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lates.  2.  B  V  rmuu  of  birdt,  for  aa  he  onainUy  ssys,  "  If  there  be  inch 
a  great  ruck  in  Maiiagaacar,  as  Marcos  FoIub  the  Vautian  mentioDB,  the 
feathers  in  whose  wing*  are  twelve  feet  long,  which  can  •coop  up  a  horae 
and  his  rider,  or  on  elephant,  as  our  kites  do  a  monse  ;  wh^  then,  'tis 
but  teaching  one  of  these  to  cany  a  man,  and  he  may  rid«  up  thither,  u 
Ganymede  did,  upon  an  eagle."  3.  Or,  "if  neither  of  these  ways  will 
serve,  yet  I  do  leriautly,  and  upon^ooii  grotmd,  affirm  it  possible  to  make 
a  Jlying  cMariat,  in  which  a  man  may  ut,  and  give  au<^  a  motion  unto  it  as 
shall  convey  him  through  the  air ;  and  this  perhaps  might  be  made  large 
enough  to  carry  diverse  men  at  the  same  time,  together  with  food  for 
their  viatictim,  and  eommodkiet  for  trt^e."  The  construction  of  such  a 
chariot,  he  says,  was  'no  difficult  matter,  if  a  roan  had  leisure  to  show 
more  particularly  the  means  of  composing  it'  It  is  to  be  regretted  that 
he  did  not  pretermit  some  of  his  labors  for  that  puipose,  especiaHy  as  his 

Srojecl  was  not  merely  to  sklro  along  the  surface  of  this  planet,  like  mo- 
ern  aeronauts,  or  ancient  navigators  creeping  along  shore»— but  like  ano- 
ther Coluinbus,  to  launch  out  into  the  unkitown  regions  of  space,  in  learcli 
of  other  worlds. 

Had  Wilkins  been  a  countryman  as  well  as  a  contemporary  of  Galileo, 
bis  aerial  Bights  would  have  been  confined  to  a  dungeon,  and  the  wings 
of  his  genius  would  have  been  efiectually  clipped  with  Roman  ahean. 
Indeed  we  must  admit  that  ho  was  the  greater  sinner  of  the  two!  for 
Galileo  merely  tauglil  the  absurd  doctrine  of  the  sun's  stability,  and  that 
the  earth  moved  round  it,  in  opposition  to  the  evidence  of  his  senses,  to 
the  doctrines  of  the  church,  and  in  flat  contradiction  of  those  passages  in 
the  Bible,  which  Bellarmine  adduced  as  proofs  indubitable,  that  the  sun 
'rises  if^'  in  the  east  every  morning,  and  'goes  down'  in  the  west  eveiy 
night,  and  that  the  earth  is  establiuied  and  'cannot  be  moved.'  Whereas 
the  heretical  bishop,  endeavored  to  open  a  way  by  which  men  could 
visit  other  worlds  when  they  pleased,  and  that  too,  without  consulting,  or 
so  much  as  saying  'by  your  leave,'  to  the  successors  of  St  Peter! 

The  earliest  English  aeronaut  was  Glmer,  a  monk  of  the  11th  century. 
He  adapted  wings  to  his  hands  and  feet,  and  took  his  Higfat  from  a  lofty 
tower.  Ho  sustained  himself  in  the  air  ftir  the  space  of  a  furlong,  but  his 
career,  (like  that  of  Dante  in  the  Rfteenlh  century)  terminated  unfortu- 
nately, for  by  some  derangement  of  his  machinery  he  fell,  and  both  hia 
legs  were  broken.  Dante,  aJler  several  successful  experiments,  fell  on  the 
roof  of  a  church  and  broke  his  thigh. 

It  is  a  singular  fact  in  the  history  of  the  arts,  that  mechanical  skill  was 
in  former  times  intimately  connected  with  th^ologicdl  pursuits,  and  that 
some  of  the  cleverest  workmen  were  ecclesiastics,  and  of  the  highest 
grades  too ;  witness  Gerbert,  Dnnstan,  Albertus,  and  many  others.  The 
fii-st  was  a  French  mechanician  of  the  lOtb  century,  whose  researches 
led  him  at  that  esu-ly  period,  to  experiment  on  steam,  and  on  its  application 
to  produce  music.  He  was  successively  archbishop  of  Rheims  and  Ra- 
venna, and  in  999  took  his  seat  in  St.  Peter's  chair,  and  was  announced 
to  the  world  as  Pope  Sylvester  II.  It  may  now  appear  strange  that 
monks  and  friars,  abbots,  bishops,  archbishops  and  popes,  should  have  been 
among  the  chief  cultivators  of,  and  most  expert  manipulators  in  the  arts, 
and  that  to  them  we  are  gready  indebted  for  their  preservation  through 
the  dark  ages;  but,  in  those  times,  it  vtfis  bo  far  from  being  considered 
dei'ogatory  in  ecclesiastics  to  work  at 'a  trade,'  that  those  who  did  not,  were 
acoountea  unworthy  members  of  the  church;  hence  monks  were  cooks, 
carpenters,  bakers,  farmers,  turners,  founders,  smiths,  painters,  carvers, 
copyists,  &o.;  all  had  some  occupation,  besides  the  study  of  their  peculiar 
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duties.  "  In  that  fanunu  coltedg,  out  monaatene  of  BaHgof,  in  wbich  thera 
were  2100  christian  philosophers,  that  served  for  the  profit  of  the  peopla 
in  Christ,  living  by  the  labor  of  their  hands,  according  to  St.  Paul's  doc- 
trine."" This  was  in  the  5th  wntnry,  when  Pelagtui  belonged  to  the 
same  monastei^.  In  the  7ih,  "almost  all  monks  were  addicted  to  manoal 
arts,"  and  according  to  St.  Benedict,  such  only  as  lived  by  their  own  la* 
bor,  "were  truly  monks."''  "  They  made  and  told  tAeir  mtret  to  itranger*, 
for  the  use  [benefit]  of  their  monasterie,  yet  somewhat  cheaper  than  others 
■old."'  Many  of  these  men  nBturaUy  became  expert  workmen,  especially 
in  the  metab— a  bmnch  of  the  arta  that  seems  to  have  been  a  favorite  one 
with  them ;  hence,  the  best  gold  and  silver  smiths  of  the  times  were  o!um 
found  in  cloisters ;  and  the  nch  'boles,  cups,  chalices,  basena,  lavatorisa 
of  silver  and  gold,  and  other  precious  furniture"  of  the  churches,  were 
made  by  the  priests  themselves  : — It  may  bo  a  question,  whether  they 
were  not  right  in  thus  combining  mental  and  physical  employments;  as 
a  compound  being,  manual  labor  seems  neoossary  to  the  full  development 
of  man's  intellect,  and  to  ita  healthy  and  vigorons  exercise.  Dunstan, 
Archbishop  of  Canterbury  in  the  10th  century,  was  skilled  in  metallurgical 
operations — he  was  a  working  jeweler,  and  a  brass  founder.  Two  large 
bells  for  the  church  at  Abingclon  were  cast  by  him.  He  is  said  to  have 
been  the  inventor  of  the  Eolian  harp,  an  instrument  whose  apontaneoua 
music  induced  the  people  at  that  dark  age,  to  consider  him  a  conjuret^--- 
henoe  the  old  lines — 


St  Dnnataa's  harp,  fast  bf  the  nil]. 
Upon  a  pin  did  hang — a ; 
Tbe  hup  itMlf,  with  ty  and  alt, 
Ontomiui  hji  ikmt  did  twang — a. 


The  genius  of  some  led  them  to  culdvate  areAiientwre.  Cathedrals  and 
other  buildings  yet  extant,  attest  their  skill.  Of  celebrated  architects  in 
the  11th  century,  wore  Manritim,  bishop  of  London,  and  Gundvlphiu, 
bishop  of  Rochester.  The  latter  visited  the  Holy  Land  previous  to  the 
crusades,  and  is  said  to  have  been  one  of  the  greatest  builders,  and  the 
most  eminent  castle  architect  of  his  age,  In  the  Towers  of  London  and 
Rochester,  he  left  specimens  of  his  art  At  page  62,  we  referred  to  the 
remains  of  a  castle  Duilt  by  him,  and  to  his  mode  of  protecting  the  weU, 
and  raising  the  water  to  the  different  floors.  In  the  12th  century,  these 
reverend  artists  were  numerous.  In  England,  were  Roger,  bishop  of 
Salisbury,  and  Emulf,  his  successor — Alexander  of  Lincoln — Henry  De 
Blois  of  Winchester,  and  Roger,  of  York ;  alt  of  whom  left  remarkable 
proofs  of  their  proficiency  as  Duilders.  In  France,  'in  sundry  times  tbe 
ecclesiastics  performed  carving,  tmdting,  paintigg,  and  motaic'  Leo, 
bishop  of  Tours  in  the  6th  century,  'was  a  greatartist,  especially  in  car- 
pentn/.'  St  Etoy  was  at  first  a  la^er,  then  a  goidtmith,  and  at  last 
bishop  of  Noyan  ;  he  built  a  monastery  near  Limoges,  bat  he  was  most 
noted  for  thriite*  of  gold,  silver,  and  precious  stones.  He  died  in  668. 
Tho  church  of  Notre  Dame  des  lines,  in  Flanders,  was  begun  by  Pierre, 
the  7th  abbot,  and  completed  in  1262,  by  Theodoric.  'The  whole  church 
was  built  by  the  monks  themselves,  assisted  by  the  lay  brothers  and  their 
servants."* 

Luther  was  accustomed  to  tun^ig,  and  kept  a  lathe  in  his  house,  'in 
order  to  gain  his  livelihood  by  hi^  hands,  if  the  word  of  God  failed  to 
support  him.' 
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Those  in  trliom  the  '  organ  of  coDBtructiTeneu,'  or  inrentioii  was  prom- 
inent, prodaced  among  otber  curioua  machinery,  tpealciiig  htads,  image*  of 
ttUnU,  ifc.  These,  it  is  believed,  were  imitations  of  simitar  contrivances 
in  heathen  temples.  The  statue  of  Serapis  moved  its  eyes  and  lips.  The 
bird  of  Memnon  flapped  his  wings,  and  uttered  sounds.*  It  is  to  be  re- 
gretted that  no  detailed  descriptions  of  these,  and  of  such,  as  were  used 
in  European  churches  previous  to  the  reformation,  have  been  preserved. 
An  account  of  the  ingenious  frauds  of  antiquity  would  be  as  valuable  to  a 
mechanician  a«  it  would  be  incerestinr  to  a  philosopher.  It  would  in  all 
probability  develope  mechanical  combinations  both  novel  and  useful ;  and 
vrould  include  all  the  mechamsm  of  modern  androides  ;  and  most  of  the 
deceptions  to  he  derived  from  natural  magic. 

A  famous  image  known  ss  the  Roode  y  Qraee,  is  often  mentioned  by 
English  historians.  A  few  scattered  notices  of  it  are  worth  inserting. 
Spiced  in  his  history  of  Great  Britain,  (page  790,)  says  "  it  was  by  divers 
vices  [devices]  made  to  hvio  doum,  and  to  /t/i  »p  itte^e,  to  shake,  and  to 
ttir  IxOh  head,  haadM,  andjeet,  to  roide  itt  eyes,  mooi^tAe  lipt,  and  to  bend 
the  hrowi."  It  was  destroyed  in  Henry  VIII's  reign,  being  "  broken  and 
pulled  in  pieces,  so  likewise  the  images  of  our  Lady  of  WalsinEham 
and  Ipswich,  set  and  besprinkled  with  jewels,  and  gemmes.  with  divers 
Others  bolb  of  England  and  Wales,  were  brought  to  London,  and  burnt 
at  Chelsea,  before  the  Lord  Crurawell."  In  the  life  of  the  last  named  in- 
dividual some  further  particulars  of  it  are  given,  and  which  explain  the 
mode  of  operation.  "  Within  the  Roode  iffGrare,  a  man  stood  inclosed 
with  an  hicndred  vn/ert,  wherewith  he  made  the  image  roll  Ml  eye»,  nod  Au 
head,  hang  the  lip,  move  and  thake  hit  jawt ;  according  as  the  value  of 
the  gift  offered,  pleased  or  displeased  the  priest ;  if  it  were  a  small  piece 
of  silver,  he  would  hang  the  lip,  if  it  were  a  good  piece  of  gold,  his  lAapi 
would  go  merrily,"  &c.  Cromwell  discovering  the  cheat,  caused  the 
image  "  with  all  his  engines  to  be  openly  showed  at  Paul's  Cross,  and 
there  to  be  torn  in  pieces  by  the  people."  Clarke's  Lives,  Lon.  1675. 
It  would  have  been  a  dangerous  practice  to  have  employed  intelligent 
'  lay  craftsmen'  in  making  machines  like  this,  or  to  have  engaged  them  in 
'  pulling  the  wires.'  The  shrine  of  Be/Act  showed  great  proflciency  in 
some  of  the  arts.  It  "  did  abound  with  more  than  princely  riches,  ita 
meanest  part  was  pure  gold,  garnished  with  many  precious  stones,  as 
Eratmui  that  saw  it,  hath  written ;  whereof  ihe  chiefest  was  a  rich 
gemme  of  Frantx,  offered  by  king  Leunt,  who  asked  and  obtained  (yoa 
may  he  sure,  he  buying  it  so  deare)  that  no  passenger  betwixt  Dover  and 
Whitesand  should  perish  by  shipwracke."  The  bones  of  Becket  were 
laid  in  a  splendid  tomb.  "  The  timber  work  of  his  shrine  was  covered 
■with  plates  of  gold,  damasked  and  emhosted  with  wires  (^  gold,  garnished 
with  oroehes,  images,  angels,  precious  stones,  and  great  orient  pearies  /  all 
.  these  defaced  filled  two  chests,  and  were  for  price,  of  an  unestimable 
value."  A  catalogue  of  die  miracles  wrought  at  bis  shrine  filled  two  folio 
volumes  t* 

»  aeo  Kircher'i  Mumirgiii  UniToreiilii.  Rome,  J6B0.  Tom  ii,  p.  413.  Tor  an  ingenious 
figure  of  such  an  automaton. 

'  Accounts  kept  b^  Charchwardens  previous  to  the  reromiation  onen  exhibit  cnrioos 
inrormation  in  relation  to  ths  repairing,  replicing,  and  clalhin;  or  iniageB,  and  to  ths 
sale  of  dsmaged  or  worn  out  oue«,  m  appeira  hy  llie  following  exIncUt  frorn  ■  A  bnults 
of  the  uluffe  in  the  cheyrche  of  Holbecfie  Mwla  by  Chevrchewardjni  of  the  antne,  ac- 
eording  to  the  injiinclyoiu  of  the  Kvnges  Mogystu.  A.  D.  1447.'  TV  Trinitji  with  tbs 
TobeniBCle,  lold  for  two  shilling  ani  fourpence.  The  Tabemacle  of  Nklulai  uud  Jawa* 
fbrsixihillinst  and  eight  psnce.  "All  the  Apoatyli  conti  uid  olhv  raggs,"  for  eight  shil- 
ling* and  ronrpenee.    And  in  1547,  "XX  (core  andX  bund,  of  laign,  -•'■'■-  — ■  -'  -* 

duscore."    "niiiitemprobablycowbted  of  brazen nt~"'-  ■ 

Tsht*  ■*  oU  iD«taL    Stitkely's  Antiquities.    London  '' 
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Otber  dances,  lesB  complex  than  the  Roods  of  Grace,  bat  when  sdroitly 
managed,  equally  effective  end  imponng,  consisted  in  the  application  of  se- 
cret tubes,  through  which  sound  might  be  conveyed  from  a  person  at  a  dis- 
tance. Sometimes  the  accomplice  was  concealed  in  the  pedestal,  or  in  the 
statueitselF,  or  in  the  vicinity.  "The  crafUnesse  of  the  iocbaiitera,  (observes 
Peter  Martyr,)  led  them  to  erect  images  against  walles,  and  gave  answer 
through  hole*  bored  in  them ;  whereiore  the  people  were  marvellonslie 
amased  when  they  supposed  the  images  spake.  Xhere  were  daille  woon- 
ders  wrought  at  the  images  whereby  the  sillie  people  were  in  sundriewise 
seduced."*  It  was  by  a  trick  of  this  kind,  that  Duiutan  confounded  his 
adversaries  in  an  important  discussion — die  cmcitiz  hanging  in  the  church 
opened  its  mouth  and  decided  the  question  in  his  favor.  Numerous  e^cam- 
mes  of  more  recent  tiroes  might  be  given.  We  add  one  from  Keysler's 
Trav.  Vol.  i,  148 :  A  monk  having  made  a  hole  through  a  wall,  behind  an 
Imageof  the  Virgin, 'placed  aconcealed  lube  from  it  to  hiscell;  and  through 
it  caused  the  image  to  utter  whatever  he  wished  the  people  to  believe.'  By 
such  tubes  figures  of  the  Virgin  have  repeatedly  declared  her  wishes, 
saluted  her  worshippers,  and  returned  their  compliments.  It  was  by  the 
same  device  that  several  statues  of  heathen  deities  performed  prodigies ; 
that  of  Jupiter  for  example,  which  bnrst  forth  into  loud  fits  of  laughter, 
MisBon's  Trav.  Vol.  ii,  412. 

Within  ancient  temples,  says  Fosbroke,  was  a  dark  interior,  answering 
to  the  choir  of  modem  cathedrals,  the  Patelrale,  into  which  the  people 
were  not  permitted  to  enter.     When  the  time  of  sacrifice  arrived,  ths 

{iriest  opened  the  doors  that  the  people  might  see  the  altar  and  victim; 
i)r  only  the  priests  and  privileged  persons  entered  into-  the  edla,  i.  e.  into 
interior.  Some  temples  admitted  light  only  at  the  door,  for  darkness  was 
deemed  a  most  powerful  aid  to  superstition.  "  The  penetrate  of  the  tem- 
ple of  Isis,  at  Pompeii  is  a  small  pavilion,  raised  upon  steps,  under  which 
IS  a  vault,  that  may  have  served  for  oracular  impositions.  A  sbrine  of 
this  kind  is  still  open  for  inspection  at  Argos.  In  its  original  state  it  had 
been  a  temple;  the  further  part  where  the  altar  was,  being  an  excavstioil 
of  the  rock,  and  the  front  and  roof  constructed  of  baked  ules.  The  altar 
yet  remains  and  part  of  the  Bctile  superstructure,  but  the  roost  remarka- 
ble thing  is  a  secret  subterraneous  passage  terminating  behind  the  allaf 
its  entrance  being  at  a  considerable  dUUuux,  towards  the  right  of  a  person 
facing  the  altar,  and  so  cunningly  contrived  as  to  have  a  small  aperture, 
easily  concealed,  and  level  with  the  surface  of  the  rock.  This  was  barely 
large  enough  to  admit  the  entrance  of  a  single  person,  who  could  creep 
along  to  thn  back  of  the  altar,  where  being  hid  by  some  colossal  statue,  or 
other  screen,  the  sound  of  his  voice  would  produce  a  most  impo- 
sing effect  among  the  listening  votaries."  Antiq.  33.  It  is  a  curious 
fact  that  conjurers  and  chiefs  among  American  Indians,  were  found 
to  practice  similar  cheats.  In  Sl  Domingo,  some  Spaniards  having 
abrupdy  entered  the  cabin  of  a  cacique,  they  were  astonished  to  hear  an 
idol  apparendy  speaking  (In  the  Indian  tongue)  with  great  volubility. 
Suspecting  the  nature  of  the  imposture,  they  broke  the  image,  and  dis- 
covered a  concealed  tube,  which  proceeded  from  it  to  a  distant  comer, 
where  an  Indian  was  hid  under  some  leaves.  It  was  this  man,  speaking 
through  the  tube,  that  made  the  idol  utter,  whatever  he  wished  the  hear- 
ers to  believe.  The  Cacique  psayed  the  Spaniards  to  keep  the  trick 
secret,  as  it  was  by  it,  that  he  secured  tribute  and  kept  his  people  in  sub- 
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Another  device  adopted  by  eccleeiutics,  for  iubduing  the  turbulent 
passions  of  their  ignorant  people,  and  exciting  io  ihem  feelings  of  respect 
for  tie  church,  was  by  n^ing  images  of  the  Virgin  and  of  Christ,  to 
tnvp,  and  sometimes  to  steeat  blood.  Sec.  These  edicts  being,  of  course, 
represented  as  the  result  of  their  impenitence.  '  The  fathers  of  Monte 
Vaccino  made  the  wooden  cruciiix  sweat  that  was  fastened  to  the  \ral\ 
of  their  church ;  through  which  they  had  a  passage  for  the  water  to  ran 
into  the  body  of  the  craciliK,  wherein  they  had  drilled  several  pores,  so 
that  it  passed  through  !n  little  drops.'  De  La  Mortraye's  Trav,  Vol.  i,  83. 
This  was  a.  staple  trick  of  heathen  priests ;  hence  Stadus,  in  his  TAehaid, 
B.  ix,  V.  906,  represents  the  statue  of  Diana  weeping. 

For  lata  deaoanded  (rom  the  iciilptured  atons. 
And  Locaii, 


In  the  temple  of  the  great  Syrian  goddess  at  HierapoUs,  were  idols 
that  could  'move,  ftceat  and  deliver  oracles  as  if  aljve.'*  Among  an- 
cient chtnaeaX  deceptions,  the  liquefaction  of  St.  Januarius'  blood,  is  still 
performed ;  and  once  a  year,  all  Naples  is  in  suspense  till  the  miracle  is 
accomplished.  We  shall  have  occasion  to  notice  other  ingenious  ancient 
devices  for  the  same  purposes  of  delusion,  in  the  fourth  Book,  when  speak- 
ing on  the  application  of  steam  to  raise  water. 

Although  the  monks  present  lamentable  examples  of  misdirected  talenta 
and  misapplied  time,  their  labors  tended  to  the  general  progress  of  re- 
finement and  leamiag.  We  may  regret  that  unworthy  spints  among  ih^m 
abused  the  superstitions  of  the  times  to  their  own  advantage — imitating 
the  statesmen  and  priests  of  antiquity,  in  making  the  oracles  declare  what 
they  wished ;  still,  they  Were  the  only  lights  of  the  dark  ages,  and  even 
their  introduction  of  images  of  saints,  &c.  in  place  of  the  pagan  idols, 
contributed  in  the  end  to  the  overthrow  of  idolatry,  and  was  perhaps  the 
only  condition  on  which  the  barbarous  people,  could  be  induced  to  give 
up  their  ancient  deities.  '  It  can  hardlie  be  credited,'  says  Peter  Martyr, 
'with  how  greate  labor  and  difRcultie,  man  could  be  brought  from  the  wor- 
shipping of  images.' 

Another  class  devoted  themselves  to  writing  and  copying,  that  is,  to  the 
art  of  multiplying  books ;  and  their  industry  and  skill  have  never  been, 
and  in  all  human  probability,  never  will  he  surpassed.  The  beauty,  uni- 
formity and  effect  of  tlfeir  pages,  are  equal  to  those  of  any  printed  volume. 
The  richness  of  the  illuminated  letters,  the  fertility  of  imagination  dis- 
played in  their  endlessly  variegated  forms,  the  brightness  of  the  colors 
and  gildbg.  and  the  minuteness  of  finish,  can  only  be  appreciated  by 
those  who  have  had  opportunities  of  examining  them.  We  have  seen 
some  in  which  the  illustrations  equalled  the  finest  paintings  in  miniature.^ 
In  a  literary  and  useful  point  of  view,  the  labors  of  these  men  are  above 
all  praise.  They  were  the  channels  through  which  many  valuable  worka 
of  the  ancients  have  been  preserved  and  transmitted  to  us.  And  as  re- 
gards the  arts,  both  ornamental  and  useful,  the  monks  were  at  one  time 
almost  their  only  cultivators. 

•VoiTer.Biit,  1,373.  *Ib  Om  Libnij  of  John  AUin,  EM|.«f  this  ci^. 
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CHAPTER   IIV. 

Wuinj  fbr  nUlBf  wmMr  .Mtelilim  d*nrlli«l  bj  YkniTli  Tjmfmwia  P»  La  FaraS  lapivrfc 
>p  WkHl— Cbiaus  Nsria— Ronu  dar-E(nitiu  Ai.— Maite  wUk  Fst»-«Bpp<Mad  ori|lB  of 
IT  whxla  ud  plBiaai— Panlu  Whaal;  ConnHM  in  Sfrla— Larfc  oaai 
pn^eUinf  the  Noria  b^  aaa  uid  anuaaJi  Farlf  Hiiplojvgnt  of  tba  la^ 
ir  (he  Norii^eoppoaail  lo  be  Iba  'Wheal  of  FanuM'— Ad  apprnprUM 
•BUen  at  abandaaca  la  EnFpl-^plilai— LIOBi'  Hesla— Vaeea— Conincopla— AbcIcdi  ambleiH  of 
IntfitioB— Kaitga :  lanntmi  gf  Tapoi  Batba— Cmibiat^Mw  ■  II  Ic  ud  flaw  aimn— Barbara. 

HAriNo  examined  lucli  devices  (or  raising  water,  as  from  their  nm- 
plicity  have  been  generally  unnoticed  in  treatises  on  hydraulic  machines, 
we  proceed  to  others  more  complex;  and  first,  to  such  as  revolve  round 
the  centres  from  which  ihey  are  suspended,  and  which  have  a  continnoru 
instead  of  oit  alternating  motion.  Although  differing  in  these  respects  and 
in  their  form,  from  the  jantu  or  vibrating  gutter  and  the  swape,  tbey  will  be 
found  essentially  the  same ;  their  change  of  figure  being  more  apparent  than 
real,  and  merely  consequent  on  the  new  movement  imparted  to  them.  As 
these  machines  are  obviously  of  later  date  thsu  the  preceding,  it  may  per- 
haps be  aupposed,  that  the  period  of  their  introduction  might  be  ascer- 
tained; but  so  it  is,  that  with  scarcely  an  exception,  the  time  when,  place 
where,  and  the  persons  by  whom,  they  were  invented,  are  absolutely 
unknown. 

Altkoogfa  alluuoni  to  machines  for  raising  water  are  found  in  several 


of  their  authors,  it  does  not  appear,  tliu  any  general  account  or  compre- 
hensive treatise  of  them,  was  ever  written  by  the  ancients.  If  sucn  a 
work  was  executed,  it  baa  perished  in  the  general  wreck  of  ancient  re- 
cords. Aboat  the  beginning  of  the  Christian  era,  a  Roman  architect  and 
tHgineer,  published  a  treatise  on  those  professions,  in  which  be  inserted  a 
brief  description  of  some  hydraulic  engines.  This  is  the  only  ancient  woHc 
extant  which  treats  professedly  of  them ;  and  the  whole  that  relates  to  them 
might  be  included  m  two  pages  of  this  volume. 

The  machines  described  by  YtTRUviDe,  for  it  is  to  him  we  allude,  are 
the  Tsmpatvim,  Nona,  CAat»  of  Pota,  the  Screw,  and  the  MacMne  t^ 
CUtibtHt  or  Pun^.  He  has  not  mentioned  the  jantu,  swaue,  the  cord  and 
bucket,  with  the  various  modes  of  using  the  latter;  probably,  because  he 
considered  these  too  simple  in  their  conatmction  to  be  properly  classed 
among  hydraulic  machinery;  ho  therefore  passed  by  them,  and  modem  au- 
thors have  generally  followed  his  example.  Notwithstanding  the  oroiBsion 
of  these,  there  are  circumstances  which  render  it  probable  that  bis  ac- 
count, brief  as  !t  is,  includes  all  the  pratci^l  machines  that  were  used  by 
the  nations  of  the  old  world,  if  we  except  China.  He  wrote  at  a  period  toe 
most  favorable  for  acquiring  and  transmitting  to  posterity,  a  perfect  know- 
ledge of  the  mechanic  arts  of  the  ancient  civilized  nationa ;  for  be  flouiiabed 
during  the  last  scenes  of  the  mighty  drama,  when  Rome  bad  become  the  ar- 
bitress  of  the  world,  and  the  enligbtened  nations  of  the  east — their  wealth, 
learning,  arts  and  artisans,  were  prostrate  at  her  feet;  so  that  if  we  were  to 
suppose,  absurd  as  it  would  be,  that  the  previous  intereourse  of  the  Ro- 
mans with  Asia  Minor,  Egypt,  Carthage  and  Ci-reece,  had  not  made  them  &• 
miliar  with  the  arts  of  those  countries,  nothing  could  have  prevented  them 
from  poseesnng  such  knowledge  when  they  became  Roman  provinces— 
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hence  we  infer,  thai  if  there  h«d  been  in  u§e  in  anj  of  those  countries, 
(for  some  centuries  previous  to  or  during  the  life  time  of  Yitrnviua,  and  be 
WEUi  ui  old  man  when  he  published  bis  work;)  any  efficient  machine  for 
raising'  water,  different  from  those  he  has  described,  it  would  have  been 
known  to  the  Romans,  and  would  have  been  noticed  by  him.  Moreover, 
he  was  evidently  familiar  with  the  inventions  of  the  mechanicians  of  for- 
mer ages  and  frequently  refers  to  them  ;  and  as  all  the  machine!  described 
by  him,  were  of  foreign  origin,  and  most  of  them  of  such  high  antiquity 
as  to  reach  hack  to  ages  anterior  to  the  birth  of  Romulus  and  the  founda- 
tion of  Rome;  we  have  no  reason  to  suppose  that  any  important  one  haa 
escaped  him:  to  which  we  may  add,  if  any  useful  machine  for  raising  wa- 
ter had  originated  with  his  countrymen,  he  would  scarcely  have  &iled  to 
record  the  fact. 

The  tympanum  consists  of  a  series  of  gutters  united  at  their  open  ends 
to  a  horizontal  shai^  which  is  made  hollow  at  one  end  and  placed  a  little 
higher  than  where  the  water  is  to  be  elevated  ;  the  gfuttere  are  arranged 
as  radii,  and  are  of  sufficient  length  to  extend  from  the  shall  to  a  short 
distance  below  the  surface  of  the  water,  as  represented  in  the  annexed  di- 

S,  the  shaft ;    G,  G,  the   gutters  ;  A,  a   trough 

o  take  away   the   water.     The  arrow  indicates 

the  direcdon  in  which  the  wheel  turns ;  each  gut- 

y  ter,  as  it  revolves  scoops   up  a  portion   of  water 

Jand  elevates  it,  till  by  the  inclination  to  the  axle, 

it  flows  towards   the   latter,  and  is  discharged 

.  through  one  end  of  it. 

'      Were  the  machine  made  as  thus  represented,  i.e. 

of  separate  gutters  and  not  connected  to  eachMher 

git  conld  not  be  durable, as  the  weight  of  water 

^  raised  at  the  end  of  each  would  have  a  tendency 

No.  41  i^apnuB.  to  break  them  at  their  junction  with  the  sliait. 
The  ancients  therefore  made  two  strong  disks 
of  plank  well  jointed  together,  of  the  diameter  of  the  intended  wheel,  these 
they  secured  on  a  shaft,  at  a  distance  from  each  other,  proportionate  to 
the  quanci^  of  water  required  to  be  raised.  Any  number  of  plank  par- 
titions (Vitruvius  says  eight)  were  then  inserted  in  the  direction  of  radii 
between  these  disks,  and  were  well  secured  to  them,  and  made  light  by 
caulking  and  pitch.  The  spaces  between  them,  at  the  circumference  of 
the  wheel,  were  also  closed,  with  the  exception  of  an  opening  left  for  the 
admission  of  water  to  each ;  and  where  each  partidon  joined  the  shaft,  a 
hollow  channel  was  formed  in  the  latter,  parallel  to  the  axis,  through  which 
the  water  was  discharged  into  a  trough  or  gutter  placed  immediately  un- 
der it.  The  tympanum  is  obviously  a  modificalion  of  the  jantu  of  India, 
or  rather  it  is  a  number  of  them  combined,  and  having  a  revolving  instead 
of  a  vibratory  movemenL  It  is  the  first  machine  described  by  Vitmvius ; 
of  which  he  observes,  "  it  does  not  raise  the  water  high,  but  it  discharges 
a  great  quantity  in  a  short  time."  B.  x.  Cap.  9.  From  irs  resemblance 
to  a  drum  or  tabor,  it  was  named  by  the  Romans  J)/viptanim. 

The  prominent  defect  of  the  ^mpaunm  arises  from  the  water  being 
always  at  the  extremity  of  a  radius  of  the  wheel,  by  which  its  resistance 
increases  n»  it  ascends  to  a  level  with  the  axis;  being  raised  at  the  end  of 
levers  which  virtually  lengthen  till  the  water  is  discharged  from  them- 
There  is  no  reason  to  suppose,  that  this  defect  if  perceived  at  all,  hy  an- 
cient mechanicians,  was  ever  remedied  by  them ;  to  most  persons,  the  idea 
would  never  occur,  that  so  simple  a  machine  eould  be  essentially  improv 
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od,  and  its  baring  been  described  es  represented  in  the  last  figure  by  (i 
Roman  philaaopber  and  engineer;  it  was  most  likely  used  as  thus  con- 
structed, through  the  remote  ages  of  antiquity,  to  the  early  part  of  the  last 
century,  when  a  member  of  the  Royal  Academy  of  Sciences,  of  France, 
U.  De  La  Faye,  developed  by  geometrical  reasoning,  a  beautiful  and 
truly  pfaiLosophical  improvemenL  ft  is  described  by  Belidor,  (Tom.ii,  365, 


No.  VS.  TfDpftaiin  ijopraved  by  La  P>y«- 
387,)  together  with  the  process  of  reasoning  that  led  to  it  "  When  the 
circumference  of  a  circle  is  developed  ;  a  curve  is  described,  (the  invo- 
lute) of  which  all  the  radii  are  so  many  tangents  to  the  circle  ;  and  are 
likewise  all  respectively  perpendicular  to  the  several  points  of  the  curve  de- 
scribed, which  has  for  its  greatest  radius,  a  line  equal  to  the  periphei^  of 
the  circle  evolved.  Hence,  having  an  axle  whose  circumference  a  little 
exceeds  the  height  which  the  water  is  proposed  to  be  elevated,  let  the 
circumference  of  the  axle  be  evolved,  and  make  a  curved  canal,  whose 
curvature  diall  coincide  throughout  exactly  with  that  of  the  involute  just 
formed ;  if  the  further  extremity  of  this  canal  be  made  to  enter  the  water 
that  is  to  be  elevated,  and  the  other  extremity  abut  upon  the  shaft  which 
IS  turned;  then  in  the  course  of  rotation,  the  water  will  rise  in  a  tektical 
DiEEOTiON,  tangential  to  the  shaft,  and  perpendicular  to  the  canal,  in  what- 
vnt  position  it  may  be."     See  No.  45. 

The  above  figure  from  Belidor,  is  composed 
of  four  tubes  only,  but  it  is  frequently  con- 
tructed  with  double  the  number.     Instead  of 
tubes,  curved  paititions  between  the  closed  sides 
\  of  the  wheel  are  oftener  used,  as  in  the  scoop 
EEL — which   consists  of  a  number  of  serai- 
:ular  partilioDs,  extending  from  the  axle  to 
the  circumference  of  a  large  flat  cylinder.     As 
it  revolves  in  the  direction  of  the  arrows,  the  ex- 
tremities of  the  partitions  dip  into    the  water, 

and  scoop  it  up,  and  as  they  ascend,  discharge 

Ms. « 8e«i|i  WhsaL  it  into   a  trough   placed    under  one   end   of  the 

shaft,  which  is  hollowed  into  as  many  compart- 
nents  as  there  are  partitions  or  scoops.  Wheels  of  this  descnptioD,  and 
propelled  by  steam,  are  extensively  used  to  drain  the  fens  of  Lincolnshire. 
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THE  NORIA  OR  EOYFTUN  WREEL. 


The  tympanum  has  been  deecnbed  as  an  assemblage  of  gutters,  and 
the  Nona,  may  be  considered  as  a  number  of  rerolving  swapes.  It  con-. 
a)st4  of  a  series  of  poles  united  like  the  anna  of  a  wheel  to  a  horizontal 
ehafi.  To  the  extremity  of  each,  a  vessel  is  attached,  which  filU  as  it  dips 
into  the  water,  and  is  discharged  into  a  reservoir  or  gutter  at  the  upper 
part  of  the  circle  which  it  describes.  See  No.  47.  Hence,  the  former 
raises  water  only  through  half  a  diameter,  while  this  elevates  it  through 
a  whole  one.  The  idea  of  thus  connecting  a  number  of  poles  with  their 
buckets,  must  have  early  occurred  to  the  agricultural  machinists  of  Asia. 
The  advantages  of  such  an  arrangement  being  equally  obvious  as  in  the 
tympanum.  The  means  that  naturally  Buggested  themselves,  of  strength- 
ening a  number  of  poles  thus  arranged,  gradually  brought  these  machines 
into  the  form  of  wheels.  Sometimes,  a  rude  ring  was  formed,  to  which 
the  exterior  ends  were  secured ;  at  others,  disks  of  plank  were  adopted, 
and  the  vessels  were  attached  either  to  the  sides  or  nm,  and  sometimes  to 
both. 


So.  48.    CUnng  HorU. 

The  Chinese  make  the  noria,  in  what  would  seem  to  have  been  its  pri- 
mitive form;  and  with  an  admirable  degree  of  economy,  simplicity,  and 
skill.  With  the  exception  of  the  axle  and  two  posts  to  support  it,  the 
whole  is  of  bamboo,  and  not  a  nail  used  in  its  construction.  Even  the 
vessels,  are  often  joints  of  the  same,  being  generally  about  four  feet  long 
and  two  or  three  inches  in  diameter.  They  are  attached  to  the  poles  by 
ligatures  at  such  an  angle,  as  to  fill  nearly  when  in  the  water,  and  to  dis- 
chai^  their  contents  when  at,  or  near  the'  top.     See  No.  48. 

The  periphery  of  the  wheel  is  composed  of  three  rings  of  unequal  di- 
ameter, and  so  arranged,  as  to  form  a  frustrum  of  a  cone.  The  smallest 
one,  to  which  the  open  ends  of  the  tubes  are  attached,  being  next  the  bank 
over  which  the  water  is  conveyed.  By  this  arrangement,  their  contents 
are  necessarily  discharged  into  the  gutter  as  they  pass  the  end  of  it. 
When  employed  to  raise  water  from  iimning  streams,  they  are  propelled 
by  the  current  in  the  usual  way — the  paddles  being  formed  of  woven 
Mmboo.     The  Nzes  of  these  wheels,  Yvry  from  twenty  to  seventy  feet  in 
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tJiameter.  According  to  Staunton,  loiite  ruw  over  three  bimdred  tons  of 
\rater  in  twenty-four  houra.  A  writer  in  the  Chinese  Kepositary,  men- 
lioiis  others  which  raise  a  hundred  and  fif^  tons  to  the  height  of  forty 
feet,  durine  the  same  time.  They  combine  strength  and  lightness  in  a  re- 
markable degree  .■ 

The  mode  of  constructing  and  moving  the  noria  by  the  KomaiM,  is 
diss  described  by  Vitruvius :  "  When  water  is  to  be  raised  higher,  than 
by  the  tympanum,  a  wheel  is  made  round  an  axis,  of  such  a  magnitude, 
as  the  height  to  which  the  water  is  (o  be  raised  requires.  Around  the  ex- 
tremity of  the  side  of  the  wheel,  tquare  bi^ckets  cemented  with  pitch  and 
wax  are  fixed ;  so  that  when  the  wheel  is  turned  by  the  walking  of  men, 
the  filled  bnckets  being  raised  to  the  top,  and  turning  again  toward  the 
bottom,  discharge  of  themselves  what  they  have  brought  into  the  reser- 
voir." B.  X,  Cap.  9.  Newton's  Trans.  As  the  drawings  made  by  Vi- 
truvius himself,  and  annexed  to  his  work  are  all  lost,  his  translators  do 
not  always  agree  respecting  the  precise  form  of  the  machines  described 
hy  him.  Newton  has  figured  the  noria  as  a  large  drum,  to  one  side  of  which 
square  boxes  or  buckets  are  secured.  These  buckets  are  closed  on  all 
sides,  with  the  exception  of  an  opening  to  admit  and  discharge  the  water. 
Perault  has  placed  tnem  on  the  paddles  or  floats  of  an  undershot  wheel, 
like  Barbara,  except  that  the  latler  makes  the  bottom  of  the  boxes  or 
buckets  serve  at  the  same  time  as  paddles  to  receive  the  impulse  of  the 
stream.  Bivius,  in  his  Grennan  Translation,  (Nurembnrgh  ISJS,)  has  given 
one  figure  resembling  an  overthot  wheel  with  the  motion  reversed,  a  form 
in  which  it  is  still  sometimes  made ;  in  another,  it  is  similar  to  the  noria 
^  Egypt  M  the  present  day,  a  modification  of  it,  probably  of  great  aotiqui^. . 


I(o.«.    EtTptin  NorU- 


Instead  of  pots  or  other  vessels  secured  to  the  aims  by  ligatures,  or 
buckets  attached  to  the  sides  of  t,  wheel,  as  described  by  Vitruvius,  the 
periphety  of  the  wheel  itaelf  is  made  hollow,  and  is-  divitkd  into  a  mmiber 
of  cells,  or  compartments,  which  answer  the  same  purpose  as  separate  ve^- 
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mU.  Tha  figure  No.  49,  ia  taken  from  the  Grande  Dacr^ititm  of  Egypt, 
FlAte  3,  Tom.  2,  E.  M.  It  wu  aketched  fram  one  near  RoKtU,  which  ratsed 
(he  water  nice  feet.  The  liquid  enters  throu^  openings  in  the  rim,  and 
i>  discharged  from  those  on  the  sides.  The  arrow  shows  the  din^tion  in 
which  it  moves.  The  secdon  of  part  of  the  rim,  will  render  the  internal 
constrnction  obvions.  Mr.  P.  8.  Girard,  sjiihor  of  the  Memoir  on  the 
Agiicuiture  of  the  Egyptians,  sayi  they  are  extensively  used  in  the  Delu, 
the  tog  wheels  being  very  rudely  formed. 

The  ^mpannm  may  be  considered  as  a  wheel  with  kdlow  tpaJctt, 
white  the  ooiia,  as  above  constructed,  ia  one  with  haUoteJeUott,  aterm  by 
which  it  is  dedgnated  in  French  audiors :  '  Rone  a  jante  creases,'  a  name 
very  expreaaive,  and  one  which,  in  the  abaence  of  information  reapecting 
die  conatruciian  of  this  machine,  might  enable  a  mechanic  to  make  it. 

In  various  pwla  of  Aaia,  Greece,  Turkey,  Spain,  &c.  Earthenware 
iars  or  pota,  are  secured  to  the  rim  or  aide  of  the  wheel,  as  in  No.  50. 
£very  farm  and  garden  in  Catalonia,  aaya  Arthur  Young,  has  such  a  ma- 
chine (o  raiae  water  for  the  purpose  of  irrigating  the  soil.  They  are  pr(»- 
pelled  by  horses,  oxen,  mules,  and  sometimes  by  men.  In  Spain,  the 
Boria  has  remained  unaltered  from  remote  times.  It  is  there  still  moved 
by  means  of  a  device  which 
probably    gave    riae    to     toothed 

In  the  axle  of  the  noria  are  in- 
serted two,  (and  SMnetlmes  foai^ 
Btrong  sticks  which  cross  each  od!i- 
er  at  ri^t  angles,  forming  armi 
or  apokes.     The  part  of  the  shaft 

'  in  which  these  are  fixed,  extends 

*  nearly  to  the  centre  of  the  path, 
round  which  the  animal  walks;  and 
contiguous  to  it,  is  the  vertical 
ahaft  to  which  the  yoke  or  beam 
ia  attached :  the  bottom  of  this  shaft 
haa  spokes  inserted  into  it  similar 
to  the  former,  and  which  take  hold 

^  of  them  in  auccession,  and  thereby 
keep  the  wheel  or  noria  in  rota- 

-  tion.  See  No.  50.  This  rude  con- 
trivance is  common    through    all 


all  probability 

!    of  th 


RbMlL    Noriiwl 


identical  with  those  of  the  early 
ages;  in  other  words,  (he  primitive 
Bubstitute    of    the     modem    cog 

In  BeSBOn's  '  Theatre  Des  Instrumens'  is  an  ingenious  device  by  which 
a  horizontal  shaft  with  four  spokes,  aa  in  the  last  figure,  can  impart  motion 
to  a  vertical  one,  at  any  distance  from  the  centre,  and  thereby  answer  the 
purpose  of  a  number  of  wheels  and  pinions  in  modifying  the  velocity  of 
the  machinery,  according  to  the  woik  it  has  to  perform,  or  to  an  increase 
or  diminution  of  the  motive  force  employed.  On  the  horizontal  shaft, 
(which  is  turned  by  a  crank,}  is  a  sliding  socket  to  which  the  spokes  are 
secured.  The  vertical  shaft  haa  also  a  similar  socket,  which  is  raised  and 
lowered  by  means  of  a  screw,  and  to  it,  arms  and  spokes  are  well  secur- 
ed. These  are  arranged  in  the  form  of  a  flat  cone  ;  so  that  by  adjusting 
the  sockets,  the  spokes  in  the  horizontal  shaft  can  be  made  to  take  hold 
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on  those  wbich  form  die  cone  round  the  vertical  one  u  any  put,  Irom  ita 
ftpex  to  its  bMe. 

Two  pitMninent  defects  hare  been  pointed  out  in  the  noria.  Fint,  put 
of  the  water  esopei  after  beinz  raised  nenrt^  to  the  required  elevaLon. 
Second,  k  large  portion  ia  raiaea  higher  than  the  reservoir  placed  to  re- 
ceive  it,  into  which  it  is  discharged  after  the  yeaaets  begin  to  descend. 
(See  No.  49,  in  which  they  ate  very  eonspicuoua.)  Consequendy,  pan 
of  the  power  expended  in  moving  thu  wheel,  produces  no  useful  effecL 
These  imperfections,  however,  did  not  escape  the  notice  of  ancient  me- 
chanicians, for  to  obviate  them,  the  Pmi§un  wukbl  was  devised,  and  ao 
named  from  ita  having  been  invented  or  extensively  used  in  that  country. 
The  vessels  in  which  the  water  is 
raised,  instead  of  being  lastened  to  the 
rim,  or  fortning  part  of  it,  as  in  the 
preceding  figures,  are  suspended  from 
pins,  on  which  they  turn,  and  tberetgr 
retain  a  venioal  porition  throu^  ihetr 
entire  aaeent ;  ana  when  at  the  top  are 
inverted  by  their  lower  pert  coming  in 
contact  with  a  pin  or  roller  attached  to 
the  edge  of  the  gutter  or  reservoir,  a> 
represented  in  the  figure.  By  diia  ar- 
rangement no  water  escapes  in  rising, 
1  nor  is  it  elevated  any  higher  than  the 
■  edge  of  the  reservoir;  hence  the  defects 

_  .        _  in  the  noria  are  avoided.   PerMan  wheels 

Na.SL  FiniuWh*^  ^  IB  believed,  have  been  used  in  Eu- 

rope ever  since  the  Somuia  ruled 
over  it,  if  not  before.  The  greatest  work  in  France  according  to  Arthur 
Voang,  for  the  artificial  irri^xion  of  land,  was  a  series  of  them  in  Lan- 
ceedoc,  which  raiaed  the  water  thirty  feet.  In  a  Dutch  translation  of 
Virgil's  Qeergics  in  1682,  they  are  represented  with  huge  buckets  like 
barrels,  suspended  from  both  sides  of  the  rim.  Tliey  are  common  in 
Switzeriand  and  the  Tyrol.  Travels  in  Poland  by  D'Ulanski,  page  S41. 
They  were  extensively  used  in  England  one  hundred  and  (ifVy  years  ago. 
See  Diet  Rusticum.  Lon.  1704.  We  are  not  aware  of  their  being  much 
employed,  if  at  all,  in  the  ITnited  States. 

They  are  common  in  various  parts  of  Asia.  "The  water  wheels  still 
used  in  Syria,"  saya  Mr.  Barrow,  "dlSer  only  from  those  of  China,  by 
having  loose  buckets  laspended  at  the  circumference,  instead  of  l^xed 
tubes."*  Dr.  Ruasel,  in  his  '  Natural  History  of  Aleppo,'  (p.  20,)  says  the 
inhabitants  make  use  of  large  qnandlies  of  water,  "  which  they  raise  with 
the  Persian  wheel,"  from  the  nver.  Perhaps  the  most  interesting  speci- 
mens of  these  machines  extant,  are  to  be  foand  in  another  and  very  ancient 
e!^  of  Syria;  in  HomoA  on  the  Orontes,  so  named  af^r  its  founder,  one 
of  the  sons  of  Canaan.  "  Two  days  journey  below  Horns,  (says  Volney) 
is  Hamath,  celebrated  in  Syria  for  its  water  works.  The  wheels  are 
the  largest  in  the  country,  being  thirty-two  feet  in  diameter."  The  city  is 
built  on  both  udes  of  the  river,  and  is  suppled  with  water  irora  it  1^ 
means  of  them,  the  buckets  of  which  emp^  themselves  into  stone  aque- 
ducts, supported  on  lofty  arches  on  a  level  with  the  ground  en  which  the 
inos.  They  are  propelled  by  the  current.  Bnrckhardt  observed  about 
in  of  them,  the  latest  he  says,  "  is  called  Naoura  el  Mahommeyde, 

'East Mir  Is  CUna,  Lon.  1S06.  p.  640. 
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and  is  at  leaat  Bevent^  feet."*  Tfaey  are,  he  remarks,  the  ^reateit  cnriosi^ 
which  a  modem  traveler  can  find  in  the  'city.  Their  enornMiiig  magpitude 
will  be  apparent,  if  we  consider  that  the  loftteet  clasa  of  buildings  in  this 
city,  (N.  York,)  those  of  six  stories,  seldom  exceed  sixty  feet,  if  there- 
fore, the  largest  of  the  Persian  wheels  at  HamUh,  were  placed  on  the 
pavement,  with  its  side  towards  a  ran^  of  such  buildings,  it  wotdd  oc- 
cupy a  space  nearly  equal  to  the  fronts  of  three  of  them,  and  would  ex- 
tend several  feet  over  the  roofs  of  the  highest — and  twelve  of  them  would 
occupy  a  street,  one  sixth  of  a  mile  in  length. 

The  construction  of  the  water  works  of  Hatnath  have  probably  re- 
mained unaltered  in  their  general  desiejii,  from  very  remote  times,  The 
peculiar  location  of  this  city,  the  rapidi^  of  the  river,  (named  £1  Ausi, ' 
the  twyi,)  and  its  consetguent  adaptation  to  propel  wtdenhot  wheeit,  which 
w«  know,  were  used  in  such  works  by  the  ancients,  render  it  probable 
that  the  present  mode  of  raisin|^  water,  is  much  the  same  as  when  this  ci^ 
flnuridhed  under  Solomon;  and  when  the  Romans  under  Aurelius,  over* 
threw  the  cjaeen  of  Palmyra  and  her  army,  in  its  immediate  vicinity;  and 
from  the  great  anticjuity  of  the  noria,  its  exienMve  use  over  all  Asia  in 
former  ages,  and  its  peculiar  adaptation  to  Hamath,  and  the  tetiacions  ad- 
herence of  the  orientals  to  the  devices  of  their  forefathers;  wo  infer  that 
the  machines  which  Burckhardt  beheld  with  odmiratiiHi,  raising  the  water 
of  the  Orontes,  were  siniilar  to  others  in  use  &t  the  same  city,  when  the 
spies  of  Moses,  searched  the  land,  '  from  the  wilderness  of  Zin  unto  Rehob, 
■s  men  come  to  Hamath.'*'  These  wheels  may  be  cited  as  another  proof  of 
the  preiervation,  (by  continual  use)  of  hydraulic  machines,  while  every 
other  memorial  of  the  people  by  whom  they  were  originally  used,  has 
long  since  disappeared. 

M0DB8  OF  rROPBLLiNO  TBK  HoiiiA. — The  tympanum,  nona,  chain  of 
pots,  and  even  the  screw,  were  often  turned,  according  to  Vitnrrins,  by 
the  '  treading'  or  '  walking  of  men,'  i.  e.  except  when  employed  vo  raise 
water  from  rapid  streams,  in  which  case  they  were  propefted,  he  says,  by 
the  current  acting  on  float  boards  or  paddles,  u  in  common  under-shot 
wheels.  There  is  a  dilTerence  of  opinion  among  his  translators  respecting 
the  mode  by  which  Ttten  moved  these  machines.  Birmu,  the  translator  or 
the  G«rman  edition  of  1S4S,  seems  to  have  thou^t  that  they  walked  ronnd 
an  upri^t  shaft,  (as  in  figs.  S6  and  d3,]which  they  turned  by  heriEontal 
bars,  and  by  means  of  cog  wheels  communicated  the  required  motion. 
Be  has  also  represented  the  noria  as  moved  by  men  tnmin^  a  crank ;  « 
mode  of  propelling  it  that  is  figured  in  the  first  German  edition  of  Ve- 
getius,  (1511.)  Rirbaro,  (1567,)  represents  the  Wmponnm  b«  moved  fay 
a  crank;  the  noria  by  a  current  of  water;  and  Uie  chain  of  pots,  by  a 
tread  wheel,  like  the  one  figured  in  No.  84.  Penadt,  also,  in  faia  figure  of 

■TnTch  in  SfHa,  and  the  H0I7  Land.    Lon.  1833,  p.  146. 

^Tbaia  ue  Mvaral iatemtiiig  cLreunubuicearsconlMlTerowitiitf  Hamath.  Iliiicilj 
and  Damucoa  were  freqaentlT  anbjecl  to  the  Jews.  The  '  fuid  of  Hsmath,'  wai  par- 
ticululv  &tal  lo  Ibem  and  their  kings.  Zedekiah  wiu  there  taken,  and  hi*  aona  and  no- 
bles ilam  in  bis  preMnce:  his  own  eyu  were  then  pnt  oat,  and  he  naaoiified  a  eaptive  to 
BabrloD,  wheia  be  died.  Jer.  uiii,  5.  PharaohNecho  then  pDtJeh(Mb«x,ai>Mberor 
diair  biiWi  in  bouds,  whence  he  wu  takeo  a  pruanar  10  Egjpt,  and  coufiaad  till  his 
death.  SKiun  uili,  34.  Among  the  moat  interasling  diKoverias  of  modem  tintea, 
eODDCCted  with  die  ancient  hiitory  of  Ihia  people,  are  unlpMred  representationa  at 
liiebeii.  oT the  Jaws  captured  bj  ShMiak,  with  the  hieroclTpbical  bvcriptien,  'J«- 
hooda  Melac,'  kingoT  the  Jewi.  Prom  the  diacovariM  orVmuvaod  Champallioo, 
tba  precisioD  with  which  the  dates  are  determined,  a  wonderful ;  ■  man;  of  iba  acolp- 
turei  hBT«  the  dates  inscribed  to  the  daf  and  the  moath.'  The  6gax«  of  the  Jewiib 
king,  ti  supposed  to  be  a  correct  portratt.  for  we  are  told  in  diaaa  of  Ae  Eirptian  ma- 
narcha,  "  oe  likanenei  ara  alwajs  aiactlj  preaaired." 
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tbe  tympmnnm,  pUcea  the  men  in  «  liiDilftr  one,  ud  thiB  intarpretation  of 
the  texi  has  been  geoerally  followed.  It  is  corroborated  hy  other  ancient 
aathort,  mnd  by  Vitruvius  himself,  in  Book  x,  cap.  4,  where  he  apeoka  of 


«  wheel  to  ruM  weights,  'by  the  walking  of  men  therein,*  that 
commoa  walking  crane.  PAUo,  who  was  contemporary  with  Vitruvius, 
or  flourished  shortly  after  him,  mentions  a  wheel  for  raising  water,  which 
was  tamed  by  the  motioa  of  men's  feet,  'by  their  ascending  succeaaively 
tlie  several  steps  that  are  within  it.'  Tread  wheels  are  mentioned  also 
by  Suetonius,  and  Straho  speaks  of  some  for  raising  the  water  of  the  Nile, 
which  were  moved  by  a  hundred  and  fifty  slaves.  Mr.  Newton,  tbe  En- 
^ish  translator,  supposed  the  men  walked  on  the  outnde  of  the  wheel, 
like  the  modem  tread  mill.  It  is  very  probable  that  this  mode  was  in 
use  among  the  ancients,  for  it  is  common  in  Persia  and  other  oriental 
countries,  particalarly  China,  where  it  is  undoubtedly  of  great  antiquity, 
Barbaro  has  figured  the  lerac,  as  propelled  by  men  puUing  down  spokes 
on  the  periphery  of  a  wheel  attaenea  la  it,  or  by  treading  on  them. 

About  eighteen  years  ago,  a  person  in  this  city,  (N.  York,)  took  out  a 
patent  for  employing  antjitalt  to  propel  such  wheels.  A  horse  was  plac«»d 
near  the  tap  tmd  yoked  to  a  honzontal  beam  iixed  behind,  and  against 
which  he  drew.  In  January,  1795,  a  Mr.  Eckhardt  obtained  a  patent  in 
England  for 'A  Method  of  applying  Animals  to  Machinery  in  general.' 
His  plan  was  to  employ  cattle  and  all  other  bulky  animals  to  walk  on  the 
topof  large  wheels;  he  also  proposed  a  flexible  floor,  like  an  endless  chain, 
which  passed  over  two  wheels,  and  formed  an  inclined  plane  on  which 
animals  walked,  and  to  increase  the  efiect,  they  drew  a  loaded  cart  be- 
hind them.*  Sixty  years  before  this,  viz.  in  1734,  Mr.  W,  Churchman 
exhibited  before  the  Royal  Society,  a  model  of  'A  new  Engine  for 
raising  Water,  in  which  Horses  and  other  Animals  draw  without  any  low 
of  power.'  This  en^ne  was  a  series  of  pumps  worked  by  a  large  tread 
wheel,  on  the  top  of  which  horses  were  made  to  draw  against  a  beam  to 
which  they  were  yoked.  He  also  proposed  to  employ  horses  at  the  same 
dme  within  the  wheeL^  But  the  (Wntnvance  was  even  then  an  old  one,  (or 
in  Agricola,  a  borae  is  figured  impsrbng  motion  to  bellows  by  walking 
•pox  a  tread  wheel.* 

There  is  a  passage  in  the  second  chapter  of  the  Koran,  which  tfarowt 
•ome  light  on  the  early  employment  of  animals  in  raising  water.  Among 
the  ancients,  it  was  a  prevailing  custom  when  they  sacrificed  an  ox,  or  k 
heifer,  to  select  such  as  had  never  been  broken  to  labor  :  hence  the  direo- 
don  of  the  Sibyl  to  Eneas. 

Bavsn  bnllock*  fri  —fsrM,  for  PbosbiM  ehooM, 

And  foi  Diana,  trea  aiMpottsd  ewss. 

The  Israelites  also,  were  instructed  to  offer  "  a  red  heifer  without  spot 
wherein  is  no  blemish,  and  upon  which  neoa-  eame  yoke."  "  An  heifer 
which  hath  not  been  tormight  with,  and  which  hath  not  drawn  in  the  yoke," 
One  which,  according  to  Mahomet,  was  "  not  broken  to  plough  the  earth, 
or  WATER  lArJidd."  Now  this  interpretation  is  not  only  consistent  with 
the  text  of  Moses,  but  is  exceedingly  probable,  for  the  Arabs  have  un- 
doubtedly preserved  with  their  independence  and  ancient  habits,  traditions 
of  numerous  transactions  referred  to  in  the  Pentateuch,  the  particulars  of 
which  are  not  recorded  ;  besides  it  indicates,  what  indeed  might  have 
been  inferred  ;  viz.  that  the  principal  employment  of  animals  in  the  early 
ages,  was  to  plough  and  irrigate  the  soil.     But  when  in  process  of  time, 

^Pbil.  Tton*.  Abridged  by  Hsrt^  Tiii,  3SI. 
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human  popvilsdon  becune  deose,  then  uumKl  labor  wu  in  some  degree 
■upergeded  hy  that  of  man.  The  exUtuive  emploTment  of  the  latter, 
appears  to  have  been  a  prominent  feature  in  the  political  economy  of  an- 
cient Egypt,  just  aa  it  is  in  modem  China.  As  the  country  teemed  with 
inhabitants,  the  extensive  lue  of  animal  labor  would  not  only  have  inter- 
fered  with  the  means  of  the  ^at  mass  of  the  former  in  obtaining  a  living, 
but  would  have  reijuired  too  large  a  portion  of  the  land  to  raise  foM 
merely  for  the  latter,  

The  aniiijuity  of  the  uoria  may  be  inferred  from  its  name  of  "  Egyptiam 
wheel,"  the  only  one  by  which  it  was  known  in  some  countries.     It  is  to 


be  found  if  we  mistake  not,  among  the  symbols  of  ancient  mythology. 
In  elucidating  one  of  the  religious  precepts  of  Numa,  which  required 
persons  when  worshipping  in  die  temples,  to  turn  round;  Flutarcn  ob- 
Krves,  that  this  change  of  posture  may  have  an  enigmatical  meaning,  "like 
the  EovFTiAN  WHBBLB,  admoniiihing  us  of  the  instability  of  every  thing 
human,  and  prepanng  us  to  acquiesce  and  rest  satisfied  with  whatever 
turns  and  changes  the  divine  being  may  allot"  Life  of  Numa.  This 
figurative  application  of  the  noria,  is  obviously  used  by  Plutarch  as  a  com- 
mon and  consequently  a  long  established  symbol  of  the  mutability  of  human 
affairs  ;  and,  as  the  sentiment  which  he  illustrates  by  it,  is  precisely  the 
mime  as  that  which  the  whed  of  At  goddeu  ofjbrtvne  was  designed  to 
point  out,  the  "  instability  of  fortune,"  and  of  which  it  was  the  emblem, 
we  conclude  that  the  "  wheel  of  fortune,"  was  a  vmier  wheel,  and  no  oth- 
er than  the  noria  ;  and  that  to  it,  the  Grecian  philosopher  in  the  above 
passage  referred.  The  selection  of  an  Egyptian  wheel  to  denote  the  mu- 
tability of  human  affairs,  indicates  the  ongin  not  only  of  Plutarch's  simili- 
tude, but  also  that  of  the  fable  of  the  goddess.  Egypt  was  the  source 
whence  the  Greeks  obtained  not  only  their  arts  and  science,  but  also  their 
mythology,  with  its  deities,  heroes  and  its  mysterious  system  of  symbolical 
imagery ;  and  if  the  Egyptians  were  not  the  uiveitiort  of  the  system  of 
representing  and  concealing  things  by  symbols,  they  certainly  carried  it  to 
a  greater  extent  than  any  other  people,  and  at  a  period  long  before  the 
Greeks  had  emerged  from  barbarism,  or  an  Egyptian  colony  nad  settled 
in  their  country, 

Altfaoi^h  we  are  not  aware  that  the  vied  of  firtftne  had  any  other 
signification,  yet,  as  the  same  goddess  prewded  over  riches  and  abund- 
ance— a  more  expressive  emblem  of  these  in  EarpT  could  not  have  been 
devised.  Agriculture  was  tlie  grend  source  of  wealth  in  that  countiy, 
and  it  depended  almost  entirely  upon  artificial  irrigation,  for  except  dur- 
ing the  annual  inundation  of  the  Nile,  water  was  raided  for  that  purpose 
by  machines,  and  among  these,  the  noria  was  one  of  the  most  prominent, 
and  probably  one  of  the  moat  ancient.  Egypt  without  irrigation  would 
have  been  a  dreary  waste,  and  like  its  neighboring  deserts  uninhabited  by 
man;  but  by  means  of  it,  the  soil  became  so  exceedingly  fertile  that 
Egypt  became  "  the  garden  of  the  east," — the  "  hot  bed  of  nature,"  and 
the  "granary  of  the  world."  It  was  artiScial  irri^^tion  which,  under  the 
Pharaohs,  produced  food  for  seventeen  millions  of  inhabitants,  and  in  the 
reign  of 'Rameses  or  Sesostris,  a  surplus  sufficient  for  thirty-three  millions 
more  \  and  even  under  the  Grecian  yoke,  when  its  ancient  glory  had  long 
departed,  the  prodigious  quantities  of  grain,  which  it  produced,  enabled 
Ptolemy  Philadelphus  to  amass  treasure  equal  to  nine  hundred  and  fif^y 
miilians  of  dollars.  There  was  therefore  a  peculiar  propriety,  whether 
designed  or  not, in  the  goddess  of  "  prosperity,"  "  riches,"  and  "abund- 
ance," being  accompanied  with  the  noria  or  Egyptian  wheel,  (Ac  impl»- 
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ment  which  contribated  so  greatly  tD  prodace  tKem,  The  manoer  in 
which  (hiB  deity  wu  loinetiiiies  represented,  appears  to  have  had  direct 
rarereiMM  to  agriculture  and  irrigadon.  She  woe  seated  on  rocks,  (em- 
blema  of  st«rility  1)  the  wheel  bv  her  aide  and  a  river  at  her  feet,  (to  sig- 
nify irrigatioii  1)  and  she  held  wlieat  ears,  and  Dowers  in  her  hand.  But 
whether  the  ancient  Egyptians  adopted  the  noria  or  not,  as  the  emblem 
of  wealth  and  irrigation,  one  of  their  most  favorite  gymboli  has  direct 
reference  to  the  latter,  and  indirectly  to  the  former ;  viz.  the  sphinx  ; 
figures  of  which  have  been  found  among  the  ruins,  from  one  end  of  the 
country  to  the  other.  This  figure  consists,  as  is  universally  known,  uf  the 
the  head  and  breasts  of  a  woman,  united  to  the  body  of  a  lion,  and   was 

rbolical  of  the  annual  overflow  of  the  Nile,  which  occurred  when 
Bun  passed  through  the  zodiacal  signs,  Leo  and  Virgo — hence  the 
combinuion  of  these  signs  in  the  Sphinx,  as  an  emblem  of  that  general 
irrigation  of  the  land  once  a  year,  upon  which  their  prosperity  so  gready 
depended.  This  was  the  origin  of  passing  streams  of  water  through  the 
months  of  figures  of  lions,  and  sometimes,  though  more  rarely,  of  virgins,  ai 
in  the  figures  below— which  are  taken  from  Rivina'  translation  of  Vitruviul. 


The  analogy  between  the  form  and  ornaments  of  an  object  and  its  nsea, 
seems  to  have  always  been  kept  in  view  by  the  ancients;  although,  from 
our  imperfect  knowledge  of  them,  it  is  diincult  and  sometimes  irapossible 
to  perceive  iL  That  they  displayed  unrivaled  skill  in  same  of  their  de- 
signs and  decorations  is  universally  admitted.  There  is  certainly  no  na- 
tural analogy  between  a  lion  and  a  fountain,  and  no  obvious  propriety  in 
making  water  to  flow  out  of  the  mouths  of  Rgures  of  these  animals ;  on 
the  contrary,  they  appear  to  be  very  inappropriate ;  but  when  we  learn 
that  the  lion  as  an  astronomical  symbol,  was  intimately  associated  with  « 
great  natural  hydraulic  operation,  of  the  first  importance  to  tie  welfero 
of  the  Egvptians,  we  perceive  at  once  their  reasons  for  transferring  figure! 
of  it  to  artificial  dischai^s  of  the  liquid,  and  hence  the  orifices  of  cocks, 
pipes,  and  spouts  of  gutters,  fountains.  Sec.  were  decorated  as  above.  In 
some  ancient  _/i>ini/aHU,  Hgures  of  virgins,  as  nymphs  of  springs,  leaned 
upon  urns  of  running  water.  In  others,  vases  overtitrtted,  (with  figures 
of  Aquarius,  Oceanus,  Sec.)  a  beautiful  device.  Lions'  heads  for  spout* 
are  very  common  in  Pompeii. 

There  is  another  ancient  emblem,  and  one  that  is  universally  admired, 
which  may  here  be  noticed,  as  its  origin  is  associated  with  artificial  itri- 
gaiitn — the  Coknucdfia,  or  'Horn  of  Abundance.'  This  elegant  symbol 
:s  probably  of  Egyptian  origin,  for  Ibis  was  sometimes  represented  with 
it,  and  inf.  In  the  £gypdan  language,  signified  the  'cause  of  abundance.' 
We  have  already  seen  that  irrigation  was  and  still  is,  the  principal  source 
of  plenty  in  Egypt;  and  miter  in  the  scriptures  is  repeatedly  used  in  the 
same  sense.  "To  understand  the  allegory,  it  must  be  borne  in  mind  that 
riveri  were  anciently  compared  to  IrtUlt;  the  reasons  for  which  at  this  re- 
mote period,  are  not  very  obvious  ;  perhaps  amon^  others,  from  the  noaa 


„glc 


ISO  Meika .-    JxeieKt  Vaper  BoAt.  [Book  L  ■ 

of  mpid  stnatM,  heaiing  some  letembuKe  at  a  diatiMie,  to  tba  lowing 
utd  oellowing  of  these  animali ;  and  the  &nMci«  ^  ritim  were  con^ 
pared  to  their  Atfnw;  thus,  the  aiiiall  brasch  of  the  Botphorut,  which 
jbrmi  the  harbor  of  Conitantinople,  itill  retains  its  ancient  name  of  the 
*  Golden  Horn ;'  and  in  soma  at  our  dictionaries,  '  grinding  streams'  it 
given  as  one  of  tlie  definidons  of  Aenw.  The  bull  which  is  common  on 
■ome  Greek  coins  is  supposed  to  have  been  the  symbol  of  a  river,  par> 
haps  from  the  overflow  of  some,  when  the  sun  passed  through  the  sodiacal 
sign  Taitrtu.  According  to  the  Greek  version,  one  of  the  bnmches  of  the 
river  Ackdoui  in  Epims,  wu  diverted  or  broken  off  by  Hercules,  to  irri- 
gate some  parched  land  in  iu  vicinity.  This,  ]ike  other  tabors  of  that 
hero,  was  ^legoriied  by  representing  him  engaged  in  conflict  with  a  bull, 
(Achelous)  whom  he  overcame,  and  broke  off  our  o^  kit  h&nu;  and  this 
horn  being  filled  with  fruits  and  Bowers,  was  emblematical  of  the  mite' 
fKaU  Ja-hlity  of  the  toil.    Ovid  describes  the  contest,  when  rhat  hero 

'twiit  lage  and  icorn, 

From  hii  maimBd  front,  he  lor*  the  Mubbcvn  bom, 
ThiJ,  beap'd  with  Bower*  and  (hiiti,  the  Piaiadi  bear, 
Bacred  to  pUnlj',  and  [be  boantooui  y ear. 

Bnl  Achelanf  in  bis  oozr  bed 

Deep  hides  hii  bron  defonn'd,  mttd  niatic  head. 

No  real  wound  ihe  victor'i  triumpb  ihow'd, 

But  hia  loM  honon  ^ev'd  tbe  wateiy  god.    Ifal.  ii. 
Thus  river  gods  were  sometimes  represented  with  a  cornucopia  in  one 
hand,  and  the  other  resting  on  a  vase  of  flowing  water. 

Another  interesting  allegory  of  the  ancients  has  reference  to  watrr  ; 
the  fable  of  Medea,  who  it  was  said,  by  boiitng  old  people,  made  them 
young  again,  referred  to  warm  or  vapor  baths,  which  she  invented,  and  into 
which  she  infused  fragrant  herbs — in  other  words,  the  'patent  medicated 
vapor  baths'  of  the  present  day.  She  also  pnasessed  the  art  of  changing 
the  color  of  the  hair.  When  therefore,  by  her  fomentations,  persons  ap- 
peared more  active  and  improved  in  health,  and  their  grey  hairs  changed 
into  ringlets  of  Jet,  the  belief  in  her  magic  powers  became  irresistible — 
and  when  at  length,  her  apparatus,  i.  e.  the  cmUdroiu,  wood  and  jire,  ijC. 
were  discovered,  (which  she  had  sedulously  concealed,)  it  was  supposed 
that  her  patients  were  in  reality  bailed.  From  Ovid,  it  seems  she  had  the 
modem  itdphw  bath  also,  and  used  it  in  the  cure  of  ^son,  the  &ther  of  her 
hnsband  Jason ! 


&»  ileeping  Bire, 

She  loitntea  thrice  with  sulphnr,  water,  fire. 


His  feeble  Greme  renimea  s  70iiitaliil  air, 

A  glony  brown,  hia  hoary  beard  and  hair. 

The  meagre  paleaeH  from  bie  aapecl  fled 

And  in  iu  room  iprang  np  a  flond  red.  Jb.  TJi. 
This  lady  was  the  great  patroness  of  herb  and  steam  doctors  of  old  ;  end 
may  bo  considered  the  ancient  representative  of  modem  manufacturers  of 
n>ecifics,  which,  as  they  allege,  (and  oRen  truly)  remove  aJl  diseases.  The 
fable  of  her  slaying  her  own  children  in  the  presence  of  Jsson,  is  easily 
explained  by  her  administering  to  them  the  wrong  medieihe,  or  too  large 
a  dose  of  the  right  one ;  the  latter  was  certainly  the  case  with  old  Felias 
who  expired  under  it 

Having  noticed  in  this  chapter  the  supposed  origin  of  cog-wheels,  we 
may  as  well  introduce  here  an  ancient  mechanic,  to  whom  we  shall  have 
occasion  hereafter  to  allude ;  one,  whose  name  is  intimately  associated 
with  the  most  valuable  machines  for  raising  water,  and  with  several  tm- 
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ptmuit  inprovemaoti  in  tfae  nwdtaaic  ana.  Ai  Ae  eaiheat  diatbotnotiea 
of  cc^'wbeeb  is  in  t^  deacripUon  of  one  of  bk  roacbinea,  (lee  the.  cl«p' 
aydra,  pa^  547,)  we  may  aa  well  inCradnoe  bim  to  tke  reader  at  thv 
part  of  our  aubject,  although  we  have  not  yet  in  tte  prograas  of  onr 
WoHe,  arrived  at  the  period  at  wbicb  he  flourished. 

During  the  t«ign  of  Ptolemy  Philadelphos  over  Egypt,  an  Egyptian 
barber  pursued  bis  vocatiou  in  the  city  of  Alexandria.  Ldce  all  profeaaors 
of  that  ancient  mystery,  he  possessed  besides  the  inferior  apparatoa,  die 
£100  moat  essential  implements  of  all;  a  issor  and  a  looking  glass,  or 
mirror,  probably  a  meullic  one.  This  mirror,  we  are  informed,  was  aua- 
pended  from  the  celling  of  his  shop,  and  balanced  by  a  weight,  which 
moved  in  a  concealed  case  in  one  comer  of  the  room.  Thus,  when  a 
customer  had  undergone  the  usual  purifying  operations,  be  drew  down 
the  mirror,  that  he  might  witness  the  improvement  which  die  aruat  had 
wrought  on  his  outer  man ;  and,  like  Ocbo, 

In  tba  Specolnm  mTvaj  his  ehaim*.    Ja«.  Sat.  ii. 
after  which  he  returned  it  to  its  former  position  for  die  nse  of  the  next 
caatomer.*     It  would  seem  that  the  case  in  which  the  weight  moved  was 
enclosed  at  the  bottom,  or  pretty  accurately  made,  for  as  the  weisfat 
moved  in  it,  and  displaced  die  air,  a  certain  aoond  was  produced,  either 

■Metallic  miiron  ftimish  one  of  tbe  beslproolk  of  (kill  in  woricing  the  metnli  in  die 
tsitMtMt  limei,  for  (beir  antiqnity  eilendi  beyond  all  reeorda.  In  tlis  firM  pvaa  of  hb- 
1017  they  are  mentioned  u  in  coninioD  dm.  The  bisi«D  liTor  of  the  TabamMcta, 
maje  of  the  miiron  of  the  liraelltish  wDmen,  which  iJiBjr  carried  »'"'    '         ~    '  ~' 


Egypt.  From  aouie  Ibund  at  Thebea,  aa  well  aa  repreBentntiaiii  of  others  in  the  ecolfH 
tnrai  and  palnlingii,  we  we  at  once  that  iheae  '  looking  f  liinea,'  (u  they  are  called  m 
Exodna.)  were  eimilot  lo  those  of  Greek  and  Roman  ladies  -.  vii.  Tonnd  or  aral  plataa 
of  metii,  from  three  10  ail  inches  in  diuoeter,  and  having  handka  o(  wood,  atone  and 
nietnl  highly  ornamented  and  of  varioaa  forma,  according  to  the  taete  of  the  wearer. 
Some  have  been  round  in  Egypt  with  the  luatre  putislly  preserved.  They  are  eom- 
poaed  of  an  alloy  of  copper,  and  antinionj  or  tin,  and  lead  ;  and  appear  to  have  been 
carried  abont  tbe  penoo,  Beenred  to,  or  ftupended  from  the  girdle,  as  pincoahions  and 
Bciaaara  were  fonaerly  worn  and  are  ao  atill  tn'  tome  antiquated  lediee.  The  Gnieka 
and  Romans  had  tfaem  aUo  of  silver  and  of  iterl.  9onie  of  the  loner  were  found  in 
Herculaneum.  nalarch  mentions  mirror*  enclosed  in  very  rich  rmme*.  Among  tbe 
articlei  of  the  toilet  found  in  Pompeii,  are  ear-riius,  golden  and  common  ^t,  tad 
■everal  meUdlie  mirron.  One  ii  round  and  eight  incbea  in  diameter,  the  otMr  an  ob- 
long square.  They  bad  them  with  plane  anrlacee,  and  also  cdhtbi  and  concave.  Se- 
neca aayi  hia  eonntry women  had  them  abo,  equal  in  length  and  breadth  to  a  fnll  grown 
person,  supecbly  decoratnl  with  gold  imd  ailver,  and  precioua  atonea.  Their  Inxniy  in 
this  article,  seems  to  have  been  excesMve,  for  the  com  of  one  often  exceeded  a  mo- 
derate rorlnne.    The  dowry  which  the  Senate  gave  the  dangfaler  of  Scipio,  according 


a  Seneca,  would  not  purchase  in  hia  time,  a  mirror  for  the  dooghiar  o 

Tbe  Anglo  Saion  dames  had  portable  metallic  mirron.  and  wore  them  n.  ^ . 

die  waiu.  It  is  not  a  I itle  singular  that  the  ancient  Pemvisns  had  thentako,  ronDedof 
silver,  copper  and  its  alloys,  and  alsa  of  obsidian  suine.  They  bad  ihem  plane,  CMtvea, 
and  concave.  Had  not  (he  art  of  making  these  mirrors  been  revived  in  tfae  speeahnaa 
of  reflecting  telescopes,  their  liuire  could  hardly  have  been  appreciated:  and  tbey 
would  probablv  have  been  considered  as  indifferent  subslilales  for  the  modem  looking^ 
glass.  These  fast  are  sujjposed  to  have  been  mannlactured  in  ancient  Tyre,  and  of  a 
black  colored  glass.  Fluid  lead  or  tin  was  afterwards  used.  It  was  poured  on  the 
plates  while  ihKy  were  hnt  from  the  fire,  and  beliu  suffered  to  cool,  formed  a  back 
which  reflected  the  image.  Looking-glasses  of  this  description  were  made  in  Venice, 
in  the  13th  centnr^.  It  was  not  till  oboal  tfae  16(h,  that  the  present  mode  ofcoating  tbe 
back  with  quiclultver  and  tin  foil  was  introduced.  The  inventor  is'nol  known. 
Venus  WBs  sometimes  repreaented  with  a  specalum  in  one  hand,  and  tfae  aatronomioal 
aymbol  of  the  planet  Venus  is  the  firnre  of  one.  There  is  a  chemical  examination 
of  ail  ancient  apecnlnm  in  the  ITdi  volume  of  Tilloch'a  PhiL  Hag. 

Bariers  flourished  in  the  mylhologic  ages,  for  Apollo  having  prolonged  the  ears  of 
Hidaa  to  a  length  rase-nbling  those  of  a  certain  animal,  thelatter  it  issaid,  endeavored 
lo  hida  nia  a.>grace  by  hia  nair,  but  found  it  impoaaible  to  eonoeal  it  Oom  his  tarisr, 
.^n  «<^  ^^„  ,  coin,..  ^^ 
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1>T  its  expnltioii  throngli  some  small  orifice,  or  by  ita  eaeape  between  the 
aide*  of  the  caae  and  the  weigbt.  This  aoond  had  probably  remained 
unnoticed  like  the  ordioBry  creaking  of  a  door,  nerhapa  tor  yeara,  Und) 
one  day  aa  the  buber'a  son  waa  amuHing  bimself  in  hta  father's  shop,  hi* 
attention  was  arreated  by  iL  Thia  boy's  subsequent  reflections  induced 
bin  to  investigate  its  cause  ;  and  from  this  simple  circumstance,  he  waa 
led  eventually  either  to  invent,  or  greatly  to  improve  the  hydraulic  OT^n, 
a  musical  inatniment  of  great  celebrity  m  ancient  times.  His  ingenuity 
and  industry  were  so  conspicuous,  that  he  was  named  '  The  Deligliter  in 
Works  of  Art.'  His  studies  in  vuious  branches  of  natura.!  philosophy, 
were  rewarded  it  is  said,  with  the  discoverv  of  the  pump,  air-gun,  fire-en- 
gine, Sec.  He  also  greatly  improved  the  clepsydra  or  water-clock,  in  the 
conEtniction  of  which  he  introduced  toolked  wheels,  and  even  jew^rd 
hoUt.  Vitruvias,  ix,  9.  These  ancient  time-keepers,  were  therefore  the 
origin  of  modem  clocks  and  watcbea.  Now  this  barber's  son  is  the  indi- 
vidual we  wish  to  introduce  to  the  reader,  as  Ctbsibiub  or  Alexandria, 
one  of  the  most  eminent  mathematicians  and  mechanicians  of  antiquity — 
one,  whose  claims  upon  our  esteem,  are  not  surpassed  by  those  of  any 
other  individual,  ancient  or  modem. 

It  will  be  perceived  that  the  simple,  the  trivial  sound  produced  by  the 
descent  of  the  weight  in  his  father's  shop,  was  to  him,  wnat  the  fall  of  the 
aepic  was  to  Newton,  and  the  vibration  of  the  lamp  or  chandelier  in  the 
cnurch  at  Pida,  to  Galileo.  The  circumstance  presents  another  to  the  nu- 
merous proofs  which  might  be  adduced,  that  inquiries  into  the  causes  of 
the  most  trifling  or  insignificant  of  physical  effects,  are  sure  to  lead,  di- 
rectly or  indirectly,  to  important  results — while  to  young  men  especialW, 
it  holds  out  the  greatest  encouragement  to  occupy  their  leisure  in  useful 
researches.  It  shows,  that  however  unpropitious  their  cireums lances  may  ' 
be,  they  may  by  industrious  applicauon,  become  distinguished  in  science, 
and  may  add  their  names  to  those  of  Ctesibius  and  Franklin,  and  many 
others — immortal  examples  of  the  moral  grandeur  of  irrepressible  pei- 
•everance  in  the  midst  of  diScultiee. 


CHAPTER    XV. 

TBE  CHAIN  or  POTB-^u  nrlflii— Uisd  U  JrjHpli'i  well  at  Calrv— Naaan 
BflBiii  to  HiMiHte  K  uil  Ike  iari4— CbiugrpouofdwRam 
D«KrilMd  tij  A(Tl»1i,-Spul>h  «w-Hsdnv  01 

■ka  ebilD  of  pou— Ofti 
Ona«  bj  Dui 
■BflH  llul  ni«d  ths  iri 
BtiL 

The  tyrqpanum  and  none  in  all  their  moditicationB,  have  been  consider' 
ed  as  originating  in  the  gutter  or  jontn,  and  the  swape  ;  while  the  ma- 
chine we  are  now  to  examine  is  evidently  derived  from  the  primitive  cord 
and  bucket.  The  first  improvement  of  die  latrer  was  the  introduction  of 
&  pulley  (No.  11)  over  which  the  cord  was  directed — the  next  was  the  ad- 
dition of  another  veiisel,  so  as  to  have  one  at  each  end  of  the  rope,  (Nos. 
13  and  11)  and  the  last  and  most  important  consisted  in  uniting  the  ends 
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af  the  rope,  and  Mcniina;  to  it  a  uDmber  of  vesseli  at  ecjaal  distancea 
through  the  whole  of  its  length — and  the  ciuiM  of  potb,  was  the  result. 

The  EBneral  construction  of  this  machiiw  will  appear  from  an  examin- 
ation of  thoae  which  are  employed  to  nise  water  from  Jovwfa'a  well 
U  Cairo,  represented  at  page  46.  Abore  the  mouth  of  eaeh  ifaail  % 
vertical  wheel  is  placed ;  over  which  two  endless  ropes  pass  and  are  biu- 
pended  from  it  These  are  kept  parallel  to,  and  at  a  short  distance  from 
each  other,  by  rungs  secured  to  them  at  regular  intervals,  so  that  when 
thas  united,  tliey  form  an  endless  ladder  of  ropes.  The  rungf  are  som«- 
dmes  of  wood,  but  more  frequently  of  cord  like  the  shrouos  of  a  ship, 
and  the  whole  is  of  such  a  length  that  the  lowest  part  hangs  two  or  thres 
feet  below  the  surface  of  the  water  that  is  to  be  raised.  Between  the 
rungs,  earthenware  vases  (of  the  form  figured  No.  7)  are  secured  by  cords 
round  the  neck,  and  also  round  a  knob  fonned  on  the  bottom  for  tliat  pur- 
pose. See  A,  A,  in  the  figure.  A>  the  axis  of  the  two  wheeb  are  at 
right  angles  to  each  other,  two  separate  views  of  the  chains  are  repre- 
sented. In  the  lower  pit,  both  ropes  of  one  half  of  the  chain  is  seen ; 
while  in  the  upper,  the  whole  length  of  one  is  in  view.  The  vases  or 
pots  are  to  arranged  that  in  passing  over  die  wheel,  the;  fall  in  between 
the  spokes  which  connect  the  two  sides  of  the  latter  together,  as  shown  in 
the  section ;  and  when  they  reach  the  top,  their  contents  are  discharged 
into  a  trough.  [In  some  machines  the  trough  passes  under  onarim  which 
if  made  to  prtriect  for  that  purpose;  in  others,  it  is  placed  below  the  wheel 
and  between  the  chains.]  There  are  in  the  upper  pit,  one  hundred  and 
thirty^eight  pots  and  the  distance  from  each  other  is  about  two  feet  seven 
inches.  The  contents  of  each  are  twenty  cubic  inchesi  The  wheels  that 
carry  the  chains  are  six  feet  and  a  half  in  diameter.  They  are  put  in  nto- 
lion  by  cog  wheels  (on  the  opposite  end  of  their  sisles)  working  into  oth- 
ers iluit  are  attached  to  the  perpendicular  shafts  to  wluch  the  Mindfolded 
animals  are  yoked. 

The  chain  of  pots  in  Egypt  is  named  the  Sakui.  Its  superiority  over 
the  noria  and  tympanum,  &c  in  being  adapted  to  raise  water  from  every 
depth,  has  caused  it  to  be  more  extensively  employed  for  ortilicial  irriga- 
tion than  any  other  Egyprian  machine — hence  it  is  to  be  seen  in  operation, 
ftll  along  the  borders  of^  the  Nile,  from  its  month  op  to  the  first  cataract. 
In  Upper  Egypt,  and  Nubia,  they  are  so  exceedingly  numerous  as  to  oc- 
cur every  hunared  yards ;  and  in  some  cases  they  are  not  forty  yards  apart 
Their  numbers  and  utility  hare  rendered  them  a  source  of  revenue,  for  we 
are  informed  that  each  sakia  is  taxed  twenty  dollars  per  annum,  while  the 
swape  is  assessed  at  half  that  amount.  They  are  also  common  in  Aby>> 
sinia.  They  were  noticed  there  by  Poncet  in  169S.  When  Sandgi  was 
in  Egypt,  A.  D.  1611,  the  great  number  of  sakias  did  not  escape  his 
observation :  "  Upon  the  banks  all  along  are  infinite  numbers  of  deepe 
and  spacious  vaults  into  which  they  doe  let  the  river,  drawing  up  the  wa- 
ter into  higher  cesterns,  with  wheeles  set  round  with  pitchers,  and  tumecl 
about  by  buflaloes."     Travels,  page  118. 

An  attempt  was  made  some  years  ago  by  an  enterprising  European  to 
supersede  the  employment  of  these  machines  inEgypt,  which  on  account 
of  the  interesting  circumstances  connected  with  it  may  here  be  noticed. 
In  the  tatter  part  of  the  last  century  an  intelligent  young  man  of  Padua 
was  designed  by  his  parents  for  a  monk,  and  was  sent  to  Rome  to  receive 
an  appropriate  education.  His  inclination  however  led  him  to  prefer  the 
study  of  natural  philosophy  to  that  of  theology,  and  particulaHy  hydraa- 
lies.  Upon  the  invaition  of  Italy  and  capture  of  Rome  by  the  French,  he 
wandered  over  various  parts  of  Europe, supporting  himself  by  publicly  per 
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forming  FeaM  of  agility  tstA  strength,  utd  by  acieotiGc  exhibitioDft.  After 
roving  thus  for  lifbeeu  years,  he  detenmned  to  viBit  Egypt,  under  the  behef 
that  he  would  make  his  fortune  there  by  iatroducing  machioeryon  the  prin- 
ciple of  the  pump,  as  aubstitutes  for  the  noria  and  chain  of  pots,  he.  In 
June  1815,  he  landed  at  Alexandria,  and  ader  some  delay  was  introdu- 
ced to  Mahoratoed  Ali,  (the  present  Pasha,)  who  approved  ef  his  project, 
and  in  whose  gardens  at  Soubra,  three  miles  from  Cairo,  he  constructed 
his  machine.  But  no  sooner  was  it  completed  and  put  in  operation  than 
he  discovered  in  the  Turkish  and  Arabic  cultivators  en  unconquerable  op- 
poaidon  to  its  introduction.  Indeed  this  result  might  have  been  anticipa- 
ted and,  if  we  are  not  mistaken,  they  were  right  m  preferring  their  own 
simple  apparatus  to  aa  elaborate  ma<^ine,  of  the  principle  of  whose  action 
they  were  utterly  ignoranL  Their  rejection  of  it  was  looked  upon  as  an- 
other example  cu  superstitious  adherence  to  the  imperfect  mechanism  of 
former  s^es;  but  under  all  the  circutnslancea,  it  was,  we  believe,  an  evi- 
dence 01  the  correctness  of  their  judgment  Thus  disappointed,  his 
brightest  hopes  blasted,  and  his  pecuniary  resources  all  but  exhausted — 
fi>r  he  received  no  renumeration,  either  for  the  loss  of  his  lime  or  bis 
money — he,  with  an  energy  of  character  deserving  all  praise,  determined 
to  make  the  best  of  his  misfortunes.  He  therefore  turned  his  attention 
to  diat  subject  which  necessarily  occurs  to  every  intelligent  stranger  in 
Egypt — its  antiquitia — and  wlule  the  British  Museum  remains,  and  the 
caToBsal  head  of  young  Memnon  is  preserved,  the  name  of  Belzoni  will 
be  remembered  and  respected. 

From  the  following  description  of  the  chain  of  pots  by  Vitruvius,  it  ap- 
pears that  the  Romans  made  it  of  more 
durable  materials  than  either  the   aa- 
p-cieut  or  modern  people  of  Asia.     "But 
T  if  a  place  of  still  greater  height  (than 
coula  be  reached  by  the  noria)  is  to  be 
supplied;  on  the  same  axis  of  a  wheel, 
a  double  chain  of  iron  is  wound  and  let 
down  to  the  level  of  the  bottom  ;  hav- 
ing briM*  buckeU,   each   containing  a 
3  (seven  pints)  hanging  thereto, 
:  upon  the  turning  of  the  wheel, 
chain    revolving    round    the    axis 
raises  the   buckets  to  the  top ;    which 
when  drawn  upon  the  axis,  become  in- 
verted and  pour  into  the  reservoir  the 
er  they  have   hroughL"     Book  x, 
1.  9,  Newton's   Trans,     As  no  fe- 
nce is  made  to  the  form  of  the  ves- 
"  sels,  by  Vitruvius,  we  find  them  repre- 
sented  by  translators   in   a   variety  of 
shapes,  as  cylinders,  cubes,  truncated 
cones,  pyramids,  as  well  as  portions  of, 
and  combinations  of  them   all.     Some 
are  leil  open  at  the  top,  and  both  with 
~  and  without  projecting  lipa  in  front,  by 
which  to  shoot  the   contents  over  the 
edge  of  the  reservoir  as  they  pass  the 
No.  aa,   KsDHnChuiiir  Pou.  wheel   or    drum.     Others    are  closed, 

and  admit  and  discharge  the  water  through  an  orifice  or  short  tube  as  re- 
presented.    (No.  63.)     From  the  separata  figure  of  one  of  the  veetcU  U 
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will  bft  «een  that  tlie  tube*  sre  pUced  &t  the  upper  comer,  and  cimsequenN 
\j  retain  the  water  till  the  vessels  ascend  the  drum,  when  it  is  discharged 
as  represented.  Provision  should  be  made  for  the  escape  of  air  fi-om 
these  vesselH,  as  they  enter  the  water,  and  also  for  its  admiBsicm  on  the 
discharge  of  the  liquid  alxive.  The  wheel  or  drum  which  carries  the 
chain  is,  in  this  li^re,  solid,  and  cut  into  a  hexagonal  form  to  prevent  tt 
from  slipping. 

There  is  also  in  old  auihon  a  g^at  diversity  in  the  constmction  of  the 
chains,  and  also  in  their  number.  Some  understand  by  the  term  '  dovlie 
chain,'  merely  a  simple  one  doubled  and  its  ends  united ;  i.  e.  one  whose 
length  is  equal  to  double  the  space  through  which  the  water  is  to  be  ele- 
vated by  it.  Othen  suppose  two  separate  ones  intended  and  placed  par- 
allel to  each  other,  the  vessela  being  connected  to  them  as  in  the  fignre. 
Odiers  again,  and  among  them  Bsrharo,  figure  two  sets  of  chains  and  pots 
carried  by  the  same  wheel.  He  has  also  made  them  pass  under  pnlleya 
in  the  water,  a  useless  device,  except  when  the  chains  are  employed  in  an 
inclined  position. 

The  chain  of  pots  is  mentioned  by  most  on«ntal  travelers,  aldioogh  de- 
scribed by  few.  In  Tetri/'M  voyage  to  Ihdia  in  1615,  spealdng  of  die 
tanks  and  wells  of  the  Hindoos,  he  observes,  "  they  nsually  cover  those 
walls  with  a  building  over  head,  and  with  oxen  draw  water  out  of  them, 
which  riseth  up  in  many  small  buckets,  whereof  some  are  always  going 
down,  others  continually  coining  up  and  emptying  themselves  in  tronghi 
or  titde  rills,  made  to  receive  and  convey  the  water,  whither  they  please." 
p.  187.  To  the  same  machine  Pryer  refers,  when  speaking  of  the  differ- 
ent modes  of  raising  water  from  derp  todU.  It  is  drawn  up,  he  says,  W 
oxen  "  with  huge  Teatbem  buckets  or  pots  around  a  wheel."  p.  410. 
And  again  at  Surat,  it  is  drawn  up  "  in  leathern  bags  upon  wheels."  p. 
104.  Had  not  id«U«  been  mentioned  in  connection  with  these  extracts 
from  Fryer,  we  might  have  supposed  it  was  theMona  to  which  he  alluded. 
Taveroier  mentioni  it  in  the  same  'way  as  applied  to  draw  water  irom 
wells  in  Persia,  p.  143.  When  required  to  raise  it  {rom  rivers,  they 
were,  as  in  dte  case  of  the  Persian  wheels  on  the  Orontea,  propelled  by 
the  current  whan  it  was  sufficiently  rapid  for  the  parpose.  "  As  for  the 
Euphrates,  (observes  Tavemier,)  certain  it  is  that  the  great  number  of 
mills  built  upon  it,  to  convey  water  to  the  neighboring  grounds,  have  not 
only  rendered  it  unnavigEble,  but  made  it  very  dangerous."  Lucan  in 
the  3d  book  of  his  PharMlla  alludes  to  this  extensive  diversion  of  the  wa- 
ter for  BgiicnltuTal  purposes,  in  bis  time. 

These  mills  are  probably  similar  to  &osb  referred  to  by  Montanrus  in 
his  account  of  Japa%,  p.  996.  The  city  of  Jonda,  he  observes  was  de- 
fended by  a  strong  castle,  which  wu  "  continually  supplied  with  fresh 
water  by  two  mills."     It  is  a  pity  they  were  not  described. 

The  chain  of  pots  was  used  by  all  the  celebrated  nali(»is  of  andqni^ 
and  it  still  is  employed  more  or  less  over  all  Asia  and  Europe.  Previoua 
to  the  16th  century,  it  constituted  the  'vratcr  works'  for  supplying  Europe- 
an  ciues,  and  was  oflen  driven  by  windmills — aa  it  still  is  in  Holland.  It 
•eema  to  be  the  neyltu  Mlira  of  hydraulic  engines  among  half  civilised 
nationa,  while  those  only  which  are  enlightened,  have  the  pump.  Even 
the  materials  of  which  it  was  made  by  different  people  of  old,  may  be 
considered  as  emblematical  of  their  nstumal  characters.  The  inhabitanti 
of  Egypt,  central  and  soadiem  Asia,  emfioyed  tight  sod  fragile 
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formerpeople  were  aoft,  efTemuiBte,  and  easily  subdued;  the  latter  •tem 
and  in6exibl« — an  iron  race. 

Jt  is  described  by  Agricolaaa  employed  in  the  German  mine*.  De  R« 
Metsllica,  pp.  131,  13S,  133.  The  chains  and  vessels  are  represenied 
or  various  forma,  and  the  latter  both  of  iron  and  wood,  and  propelled  by 
tread  and  water  wheels.*  In  Besson's  '  Theatre,'  A.  D.  1579,  it  is  RKored 
as  worked  by  a  pendulum  and  cog  wheels — the  teeth  being  continued 
over  half  the  peripheries  only> 

In  Spain  it  nas  remained  in  continual  use  since  the  conquest  and  occa- 
padon  or  that  country  by  the  Romans ;  and  was  perhaps  previously  intro- 
duced by  the  Phtnkiatu,  a  people,  to  whom  Spain  was  early  indebted 
for  many  valuable  acauisitions.  It  was  employed  there  by  the  Moors  in  the 
middle  ages,  under  whom  the  inhabitants  enjoyed  a  degree  of  prosperity 
and  civilization  unexampled  during-  any  subsequent  period  of  their  histo- 
ry. The  arts  and  manufactures  were  carried  to  great  perfection,  so  much 
so,  (hat  in  the  twelfth  century,  while  the  rest  of  Europe  was  in  compara- 
tive barbarism,  the  tissues  of  Grenada  and  Andalusia  were  highly  prized 
at  Constantinople,  and  throughout  the  eastern  empire.  To  the  Moors  of 
Spain,  Europo  was  greatly  indebted  for  the  introduction  and  dissemination 
of  many  of  the  arts  of  the  east;  among  others  they  introduced  the  Auatic 
system  of  agriculture,  with  its  inseparable  adjunct  arfi^cini  irrigatum.  We 
are  told  they  divided  the  lands  into  small  fields,  which  were  kept  constantly 
under tillaf^  ;  and  "they  conveyed  water  to  die  highest  and  ariest  spots. 


n-).i*.    apuidi  Chiin  of  Pou. 

The  chain  of  pots  in  Spain,  is  in  the  Form  and  material  of  its  vessel) 

>  Tlie  De  Re  ■  HeuUies'  of  George  Agrlcots  u  inTalnabtB  Tor  ita  scconnl  of  the  h;- 
dnalic  enginea  emptoj^ed  in  the  minee  of  Germinv  in  Ihe  16(h  and  nreeeding  ceuta 
tiei  I  being  doublleu  aimilar  to  tfaoee  used  by  ihe  Somani  in  some  of  ^e  same  mines, 
and  conlinued  uuinlemiptedly  in  ate.  The  fim  edition  of  this  work  nu  published  in 
1546,  olhcre  m  1556— IgSB— 1136)— 16S1— and  1657,  all  at  Basil.  Brunei's  '  Manuel 
Dn  Libraire  et  De  L'Amatenr  de  Livrea.'  Pvia,  1820.  It »  a  copj  of  the  last  edition 
we  nuke  use  of.    The  author  was  born  in  1494,  and  died  in  1555. 

*  See  alw  Kirobar's  Mnndua  SabMnaaeos.    Tom.  ii.  pp.  195,  SSS. 
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and  the  impeHect  tnbMitntea  for  cog  wbeeta,  identical  with  thoM  of  Egypt 
•ltd  Alia,  and  may  be  conudered  a  fair  repraseotative  of  thia  machine  a* 
uaed  in  the  agrieiUtonl  diitricta  of  the  ancient  world. 

No.  55,  representB  a  section  of  a  mod- 
ern  machine.  The  wheel  is  placed  in  or 
over  a  cistern  designed  to  receive  the  WB- 
ter.  Buclcetsare  secured  to  the  chain  be- 
tween the  joints  of  the  latter,  and  th« 
wheel  as  it  revolves,  receives  the  cen- 
tre of  these  joints  on  the  ends  of  its 
arms,  which  are  suitably  shaped  for  the 
purpose.  The  buckets  therefore  fall  in 
between  the  arms  of  the  wheel  and  be- 
come inverted  in  passing  over  it  as  in 
the  figure. 


The  chain  of  pots  has  been  applied 
to  a  great  variety  of  purposes.  It  has 
been  employed  for  ages,  in  eUatuing 
dodtt,  deepening  harSori,  &c.  The 
vessels  being  made  of  iron  and  formed 
like  wide  scoops,  are  made  to  pass  un- 
der pulleys  attached  to  the  bottom  of  a 
moveable  frame,  which  is  raised  and 
lowered,  to  suit  the  varying  depth  of 
the  channel.  Besson  fua  proposed  it 
to  rawe  mortar,  Sec.  to  the  top  of  ci^ 
cwiiafpoo.  walls,  fortifications,  fcc.  and  wherever 

large  quantities  were  required  ;  an  ap- 
plicatioD  of  it  that  is  worthy  of  the  notice  of  extensive  builders,  for  the 
time  consumed  and  exertion  expended  by  a  laborer,  in  ascending  a  long  lad- 
der or  fliffht  of  stairs  to  deposit  a  modem  hodful  of  mortar,  and  returning 
through  the  same  space,  is  hardly  consistent  with  the  spirit  of  economy 
and  useful  research  that  characterizes  the  age.  The  amount  of  force  con- 
sumed in  bearing  Iiis  own  body  ttovx  over  the  space,  independently  of  tlw 
load,  would  in  a  well  regulated  device  of  this  kind  produce  an  equal  re- 
sult. Oliver  Evans  introduced  the  chaia  of  pots  into  his  mills,  for  the  pur- 
pose of  transmitting  flour  and  grain  to  the  different  £oora. 

It  has  been  adopted  as  a  substitute  for  water  wheels.  As  the  nori^ 
when  its  motion  is  reversed  by  the  admiision  of  water  into  its  buckets  at 
the  upper  part  of  the  periphery,  is  converted  into  an  overshot  wheel— so 
the  chain  of  pots,  has  in  a  similar  manner,  been  made  to  transmit  power 
and  communicate  motion  to  other  maclunes.  In  locations  where  there  ii 
a  smalt  supply  of  water,  but  which  falls  from  a  considerable  hei^t,  it  be- 
comes a  valuable  substitute  for  the  overshot  wheel,  as  a  first  mover.  It 
is  remarkable  that  this  obvious  application  of  it  should  not  have  occurred 
to  European  mechamcians  previous  to  the  17th  century.  It  was  designed 
by  M.  Francinl,  and  by  the  direction  at  Colbert,  the  illustrious  and  pa- 
tnotto  minister  of  Louis  XTV,  one  was  erected  in  1668,  in  one  of  the  pub* 
lie  gardens  at  Paris.  A  natural  spring  in  this  garden  supplied  water  for 
the  plants.  It  was  received  into  a  lar^  basin,  and  to  prevent  its  over- 
flowing, the  sun>lus  or  waste  water  was  discharged  by  a  gutter  into  a  well, 
at  the  bottom  of  which  it  disappeared  in  the  soil.  M.  Fnncini  took  ad- 
vantage of  this  fall  of  waste  water  in  the  well,  and  made  it  the  means  of 
raising  a  portion  of  the  spring  water  suf&dently  high  to  form  a  jet  d'ean, 
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He  erected  a  chain  of  poU,  E,  B,  No.  S6,  wliich  reached  from,  the  bot- 
tom of  the  well  to  *uch  a  height  above  ita  mouth  aa  the  water  to  form 
the  jet  was  required  to  be  rawed.  From  the  upper  wheel  or  drum,  another 
chain  of  pots,  D,  C,  was  suspended 
and  carried  round  b^  it,  the  lower  end 
dipping  into  the  water  to  be  raised 
from  the  spring  A.  By  this  arrange- 
meat  the  weight  of  the  water  in  dt- 
leendtHg  the  well  in  the  buckets  of 
the  first  chain,  raised  a  smaller  portion 
(allowing  for  friction)  through  the 
same  space  by  the  second  one— and  a 
proportionable  quantity  still  higher. 
A  spout  conveyed  the  water  into  the 
buckets  of  the  driving  or  motive  chain 
as  Aown  at  B.  These  buckets  were 
made  of  brass,  and  wide  at  the  top, 
the  better  to  receive  water  from  the 
spring ;  and  also  that  when  one  was 
filled,  die  surplus  might  fall  down  its 
sides  into  the  next  one  below,  and 
from  that  to  the  third  one,  and  so  on, 
that  none  might  be  lost  by  spilling 
over.  The  buckets  of  the  other  chain 
were  of  the  same  form  and  material, 
but  instead  of  being  open  like  the  for- 
mer, they  were  closed  on  all  sides, 
the  water  being  received  into  them  at 
A,  and  discharged  from  them  at  M, 
through  short  necks  or  tubes,  e,  t, 
which  are  upwards  when  the  bucketa 
Ng.  9«.  FniKiu-i  mhlUw.  ascend,  being  connected  to  the  smaller 

part  of  the  latter.  A  pipe  from  the 
upper  cistern  m,  conveyed  the  water  to  form  the  jet.  The  arrow  indi- 
cates the  direction  in  which  both  chains  move.  The  vessels  on  the  chain 
-£,  B,  beUrw  B,  descending  into  the  well,  (the  bottom  of  which  is  not  shown,) 
fiill — while  those  shown  at  D,  C,  are  empty. 

The  chain  of  Pots  has  been  eii^)loyed  to  work  pumps  in  mines,  to  pro- 
pel thrashing  machines,  fcc.  &c.* 

There  is  mnch  confuuon  m  the  notices  of  the  chain  of  pots  by  ancient 
authors,  from  their  referring  to  it  without  discrimination  as  a  '  whed,'  and 
llius  confounding  it  with  the  tympanum  and  noria,  and  that  modification 
of  the  latter,  known  as  the  Persian  wheel.  From  the  circumstance  of 
its  having  been  propelled  in  the  game  manner  as  these,  viz :  by  oxen  in 
the  usual  way,  (through  the  medium  of  cog  wheels,)  or  by  men  walking 
upon  or  within  a  wheel,  Sec  it  has  from  custom,  inadvertence,  or  from  a 
superficial  knowledge  of  its  distkictive  features,  been  classed  with  them. 
It  was  of  it  that  Strabo  spoke,  "  which  by  wheels  and  pulleys  raised  the 
water  of  the  Nile  to  the  top  of  a  very  high  hill ;  and  which,  instead  of 
being  moved  by  oxen,  was  propelled  by  one  hundred  and  lifW  slaves." 
And  when  Juhus  Cnsar  waa  beseiged  in  Alexandria  by  the  Egyptians, 
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the  rhtda  of  pota  wu  included  among  the  "  wheel*  and  other  engines,** 
by  which  the  latter  raised  water  rroro  the  kb  and  dischar^d  it  into  the 
cuteniB  that  supplied  Cnsar'*  army  with  freah  water.  It  was  most  like- 
ly among  the  "  hydraulic  engines,"  which  Herodotus  observes  the  Bahy- 
looiana  had,  to  raise  water  from  the  Euphratei  to  irrigate  their  tancU. 
These  '  engines'  were  certainly  Himilar  to  those  of  India,  £!gypt,  Greece, 
and  other  neiKhhorine  countries ;  for  if  they  had  been  of  novel  construo* 
tion,  or  peculiar  to  Cnaldea,  he  would  scsKely  have  failed  to  notice  so 
important  a  fact,  if  he  even  omitted  (as  he  haa)  to  dcEcribe  them. 

The  same  lack  of  discrimination  is  obvious  in  almost  all  the  account! 
of  modern  as  of  ancient  aathors,  respecting  this  machine.  When  ihey 
■peak  of  wheels  for  raising  water,  it  is  as  difficult  to  ascertain  those  to 


Stntbo  and  Cesar.     Thus  Tavemifr  in  his  passage  down  the  Ti^s 
Bagdat,  remarks,  "  all  the  day  long,  we  saw  nothing  upon  either  side  oi 
the  river,  but  pitiful  huts,  made  of  the  branches  of  palm  trees,  where  lirs 


by  means 
eighbonng  ground."  Sometimes  the  chain  of  pots  is  mentioned  1^ 
travelers  as  the  Per«M>  tohed,  and  popular  extracts  from  their  works 
tend  greatly  to  perplex  enquirers  into  its  history.  When  we  met  with 
atatements  from  Shaw's  travels,  that  the  Persian  wheel  was  extenrively 
used  OB  the  banks  of  the  Nile,  through  all  Egypt,  they  were  so  much  at 
variance  with  the  testimony  of  other  oriental  travelers,  and  so  foreign  to 
our  impresaions  respecting  the  use  of  that  machine  in  Egypt,  that  we  had 
immediate  reference  to  his  work ;  when  the  apparent  discrepancy  was 
explaiited.  He  describes  and  figures  the  chain  of  pots  (sakia)  as  the- 
PentMt  wied,^  Norden  commits  the  aame  error  :  "  they  likewise  emplvet 
the  Persian  wheel  with  ropes  of  pitchers,  which  ia  nimed  by  oxen.'^' 
1\mu  also  describes  the  Spanish  chain  of  pots  as  the  Persian  wheel,  and' 
which  he  observes  is  used  "  all  over  Portugal,  Spain,  and  the  Levant"* 

Other  travelers  speak  of  it  as  the  Nona.  Mr.  Jacob,  in  his  "  Trai* 
vehi  in  the  South  of  Spain,"  Lon,  1811,  page  152,  says  the  Spairiards  "  us» 
a  mill  of  Arabic  origin,  from  which  our  chain  pump  is  evidently  derived ) 
it  is  called  a  noria.  A  vertical  wheel  over  a  well  has  a  series  of  eardien 
jars  fastened  together  by  cords  of  Esparto,  which  descend  into  the  water 
and  fill  themselves  by  the  motion  of  the  wheel.  The  vertical  wheel 
is  put  in  motion  by  a  horizontal  one,  which  is  turned  by  a  cow.  No- 
maehim  can  be  more  simple."  In  the  Grande  DettriptioH  of  Egypti 
it  is  designated  '  Rotie  a  pot*,'*  instead  of  naming  it  from  the  cbam,. 
ita  peculiar  and  distinguishing  feature.  It  certainly  has  nothing  in  cohk- 
non  with  the  noria, except  the  pots  or  vessels  in  which  the  water-is  raised| 
and  these  in  the  lauer,  are  suspended  from  the  arms  of  inflexible  levers, 
and  ascend  in  the  are  of  a  circle  ;  while  in  both  these  circumstances,  and- 
olhers  might  be  named,  there  is  no  resemblance  whatever  between  them. 
The  chain  of  pota  is  generally  named  by  French  authors, '  CAaptlet,'  from 
ita  resemblance  to  the  string  of  beads,  which  Roman  catholics,  Mahome- 
tans, Budhiats,  Sec.  (like  the  Pagans  of  old)  use  in  repeating  their  prayers. 
This  appellation  is  sufEciently  discriminsting,  and  is  appropriate  ;  certainly 
more  su  than  Roue  a  pott,  since  it  servos  to  separate  this  machine  from 
every  species  of  tehait,  and  to  fireserve  a  distmo^on  between  two  vety 
different  classes  of  hydraulic  engines. 

The  chain  of  pots  seems  always  to  have  been- used  to  ruse  water  from. 


^TnTsls  inErrpt  md  Nnbts,  Vol.  i,  G6- 
/top)  and  Spam  in  177^  •nd'TS.    Lou.  ITBD,  pan  3S>: 
MsmoBs,  E.  M.    Fists  G. 
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JoMejib'a  vrell.  If  Uie  locadon  of  thu  well,  iu  pecultv  construction,  di- 
vuion  into  two  distioct  shafts,  tlie  chwnber  between  ihem  for  the  animah 
which  propel  the  raoichiiterjr,  the  passage  for  their  ascent  and  descent,  ukI 
its  anormoiis  depth,  be  maturely  conndered,  it  will  appear,  we  think,  that 
DO  other  machine  could  at  any  time  have  been  used,  or  imleiided  by  its  con- 
nructors  to  have  been  used  in  raising  its  water ;  if  therefore  this  celebra- 
ted well  be,  as  supposed,  a  work  of  the  ancient  Egyptians,  or  a  relic  of 
Babylon,  then  the  endless  chain  of  pott  may  safely  be  regurded  as  coeval 
with  the  foundation  of  that  ancient  city,  if  not,  as  it  probably  is,  muoli 
qiore  ancient 

It  was  probably  the  '  pnmp,'  which  according  to  tradition,  Danius 
introduced  into  Greece,  a  thousand  years  before  the  building  of  Babylon 
by  the  Persians.  During  tlie  time  the  IsraellteB  were  in  Egypt,  ibis 
prince,  in  consequence  of  domestic  quarrels,  leil  it  with  his  family  and 
uieDds,  and  sailed  for  Greece.  They  landed  on  the  coast  of  Feloponesans 
or  the  Morea,  and  were  hospitably  entertsined  at  Argos,  where  they  set- 
tled. It  is  said,  the  Greeks  did  not  at  that  time  possess  the  knowledge  of 
obtaining  water  from  wells ;  the  companions  of  Danaua  having  been  the 
first  to  dig  them,  and  to  introduce  pchps.  Pliny  vii,  56.  If  Uie  inhabit- 
ants of  Greece  were  ignorant  of  wells,  previous  to  the  arrivBl  of  these 
atrangera,  they  could  certainly  have  had  no  occasion  far  pumps ;  and  it 
was  natural  for  the  Egyptians,  when  they  dug  wells,  to  introduce  their 
OWD'country  methods  of  obtaining  water  from  them. 

As  the  word  '  pumps,'  is  not  however  to  be  understood  in  the  restricted 
■anse  in  which  it  is  at  present  used,  the  question  occurs,  what  kind  of  ma- 
chines were  these!  1.  They  must  have  been  simple  in  their  construction, 
for  otherwise  they  would  have  been  ill  adapted  to  a  rude  and  nncuhivated 
people,  and  such  the  Greeks  were  while  ignorant  of  wells.  2.  They 
■most  have  been  of  general  application  to  die  loellt  of  Greece.  3.  They 
were  such  as,  from  their  great  utility,  were  continued  in  use  through  sub- 
■equent  ages,  for  they  were  highly  prized,  and  the  memory  of  their  intro- 
'ducuon  preserved.  4.  They  wrere  such  as  were  previously  used  in  EgypL 
Now,  of  all  ancient  devices  for  raising  water,  to  which  the  term  'pump' 
could  with  any  propriety  be  applied,  Uie  chun  of  pots  is  the  only  one  that 
fnlGls  the  conditions  premised.  It  is  evident  that  the  jaitiM  and  its  modi- 
fications are  wholly  inapplicable  to  raise  water  from  wells ;  and  the  (ym- 
paMUH  and  noria  are  equally  so.  The  tict^  is  not  adapted  to  de^  wella 
and  those  of  Greece  were  generally  such  :  yet  as  it  is  admirably  adapted 
to  raise  water  from  small  depths,  and  was  so  used  by  the  ancient  Greeks ; 
it  is  probable  that  it  was  also  introduced  by  Donaus  ;  as  we  know  that  it 
was  m  common  use  in  Egypt,  in  his  time.  (See  6gures  36  and  43.)  It 
must  however  have  been  of  entremely  limited  application  to  welts  on  ac- 
count of  their  depth.  (See  page  36.)  The  roodeni  inhabitants  of  Egypt 
njse  water  with  it  only  about  seven  feet ;  and  from  the  figures  Just  referred 
to,  it  is  obvious  that  in  the  time  of  Danaus,  it  was  raised  no  higher  by  it. 
but  if  its  application  was  even  extended  in  Greece,  to  elevate  water  irom 
twice  that  depth,  ita  employment  in  wells  must  have  been  comparatiTely 
trifling. 

It  could  not  have  been  the  cAoM  pump,  for  it  doe*  not  appear,  that 
mther  the  Greeks  or  Romans  were  acquainted  with  that  machine.  Vi- 
trnvius  is  silent  respecting  it.  Nor  can  we  suppose  any  thing  like  the 
abiuupheric  or  foroimg  pump  intended— even,  if  it  could  be  proved  that 
both  were  then  known.  They  eu^  too  complex  to  have  been  at  all  suited 
lo  the  Greeks  at  that  remote  age.  Indeed  they  are  altogether  worthless 
to  a  rude  people,  who  would  be  unable  to  keep  them  in  order,  or  to  delect 
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die  caases  of  their  oeuing  to  act  Bat  that  Ae 'pumps' of  Daiwns wen 
■ome  kiitd  of  bucket  macbinns,  like  the  cbun  of  pots,  is  inferable  fivtn 
the  account  of  hii  dang^ters'  pnniibment.  They  were  condemned  to  draw 
water  from  deep  wells,  and  wnutd  of  course,  use  the  machines  their  &- 
tber  introduced.  Now  we  are  told  ^at  the  vesscla  in  which  thej  raised 
tfa«  liqntd  leaked  so  much,  that  the  water  escaped  from  them  ere  it  reach- 
ed the  surface — hence  their  tmdieti  panishment.  The  witty  remai^i.  of 
BioD  implies  the  same  thing.  A  person  speaking  of  the  severe  punish* 
ment  of  these  young  women,  in  perpetaaUy  drawing  water  in  vessels  fuD 
of  holes,  he  remariied,  "  I  should  consider  them  much  more  to  be  pitied 
were  they  condemned  In  dtaw  water  in  vessels  without  holes."  Hence, 
we  infer  that  the  Egyptian  »akia  or  chain  op  pots,  was  the  '  pump*  in- 
troduced by  Danaus,  and  that  to  it  tradition  refers.  It  was  the  only  out 
to  which,  from  its  construciion,  and  adaptation  to  every  drpth,  the  name 
of  *  pump'  could  have  been  applied— while  from  its  simplicity  and  elH* 
eiency,  it  was  a  gifl  of  no  ordinary  value  to  the  Greeks ;  and  the  introduo- 
tioa  of  it  into  their  country  was  worthy  of  being  preserved  from  oblivioa. 

It  is  believed  to  have  been  in.  unintermpted  use  there  since  the  age  of' 
Danaus  ;  although  history  may  not  have  preserved  any  record  or  repre- 
■entatioe  of  so  early  an  employment  of  it.  It  is  still  used  on  the  conti- 
nent  and  in  the  islands,  as  well  as  throughont  Syria  and  Asia  Minor.  At 
Smyrna  it  is  as  common  as  a  pump  with  us.  In  "  Voyage  Pittoresque  de 
la  Orece,"  Paris,  1782,  Pl^  49,  contains  a  drawing,  and  page  9  A 
description  of  one  in  a  garden  at  Soio,  the  ancient  CAio»,  and  capital  city 
of  the  island  of  the  some  name.  It  is  similar  to  the  one  represented  m 
No.  Si,  and  is  doubtless  identical  with  those  employed  in  the  same  cities, 
wh«n  Homer  was  bom  near  the  former,  and  when  be  kept  a  school  in 
the  latter. 

On  the  aatiqoity  of  this  and  preceding  machines,  we  add  the  opinions  of 
recent  writers.  "  A  traveler  standing  on  the  edge  of  either  the  Libyan  or 
Arabian  desert,  and  overlooking  Egypt,  wonld  behold  before  him  one  tf 
the  most  magnificent  prospects  ever  presented  to  human  eyes.  He  would 
survey  a  deep  valley,  bright  with  veeetation,  and  teeming  with  a  depres- 
sed but  labonoua  population  engaged  in  the  variaas  labors  of  Bgriculture. 
He  would  see  opposite  to  him  another  eternal  rampart,  which,  with  the 
one  h«  stands  upon,  shuts  in  this  valley,  and  between  them  a  mighty  river, 
flawing  in  a  winding  course  from  the  foot  of  one  chain  to  the  other,  fur- 
nishing lateral  canals,  whence  the  water  is  elevated  by  wheels  and  buck- 
ets of  the  rudest  structiirea,  worked  sometimes  by  men  and  sometimes  by 
cattle,  and  na  donht  identieai  with  tAe  pivixtt  tnttgeintAe  dayt  of  Soot- 
*rti."»  "  These  methods"  (of  raising  water  to  irrigate  the  land,)  "  are  not 
the  invention  of  the  modem  Egyptians,  tut  haw  Sen  laedjrom  time  tm- 
numorial  without  receiving  the  smallest  w^imitment."^  "  Even  the  cre^- 
ing  sound  of  the  water  wheels,  as  the  blindfolded  oxen  went  round  and 
round,  and  of  the  tiny  cascades  splashing  from  the  string  of  earthen  pots 
into  the  trough  which  received  and  distnbated  the  water  to  the  wooden 
canals ;  were  not  disagreeable  to  my  ears,  since  they  called  up  before  the 
imagination,  itm  primitive  agt*  of  mankind,  the  mde  contrivances  of  the 
earty  langt  of  Egypt,  fof  the  advancement  of  agriculture,  which  have  Mt- 
dergrme  UuUe&ange  or  imprwaiient  t^  to  tie pretent  Ao»r."' 

Like  every  other  machine  that  has  yet  been  named,  the  date  of  its  ori- 

•  Nortb Anericui Ravisw, Jsa.  1839.    f.igM.     'History efAaOpsrstiaasor the 
Fiandi  snd  Briliik  Armiei  in  EgypL    NaweaaOs  ia09.    Vet.  i,  ps|a  QSf. 
•Sl  John,  "^Tpl  and  Mohammed  All."    Tol.  i,  10. 
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pD  IB  unknown.  From  id  simplicity,  iu  obviout  derivetion  from  the  prim- 
Uive  cord  and  bucket,  its  eRipioyment  over  alt  Asia  and  Egypt  at  the 
present  bme,  and  its  extensive  use  in  the  ancient  world ;  there  can  be  no 
question  of  its  ((rest  antiquity.  Vitnivius  is  alike  silent  respecting  the 
origio  of  diis,  as  of  the  noria  and  tympanum,  and  donbtless  for  tlie  same 
reason — their  ori&in  extended  too  far  into  the  abyss  of  past  ages  to  be  dis- 
covered. It  is  singular  that  the  ancients,  who  attributed  almost  every 
agricultural  and  domestic  implement  to  one  or  other  of  their  deities,  should 
not  have  derived  the  equally  important  machines  for  raising-  water  from  a 
■imilar  source.  The  origin  of  the  ploitgh  they  gave  to  Osiria,  of  the  harrtne 
to  Occator,  the  rake  to  Sarritor,  the  leylAe  to  Saturn,  the  rtchle  to  Ceres, 
the  Jiail  to  TriptolemuB,  &c. ;  and  as  they  attributed  the  art  of  mamaing 
ground  to  a  god,  they  surely  ought  to  hav«  ^ven  the  invention  of  ma- 
chines to  inigate  it  to  another. 

To  tbo  chain  of  potR,  there  is  an  allusion  in  the  beautifal  descrlpdon  of 
the  decay  and  death  of  the  human  body,  in  the  13th  chapter  of  Ecclesi- 
Uleg  :  "  Or  ever  the  silver  cord  be  loosed,  or  the  golden  bowl  be  broken; 
or  the  pitcher  be  brokeivat  the  fountain,  or  the  -wheel  broken  at  the  cis- 
t/ern."  In  the  east,  the  chain  is  almost  uniformly  made  of  cord  or  rope; 
ami  the  former  part  of  the  paasage  appears  to  refer  to  the  ends,  which 
are  spliced  or  tied  together,  becoming  loosened,  when  the  vessels  would 
necessarilv  be  broken,  for  the  whole  would  fall  to  the  bottom ;  an  occur- 
rence which  is  not  uncommon.  The  term  silver  cord,  is  expressive  of  it» 
whitetieu,  the  result  of  its  Constant  expo«ure  to  water  and  the  bleaching 
effect  of  the  sun's  rays  :  and  golden  bowl  refers  to  the  red  earthenware 
pots  or  vases,  in  which  the  water  is  raised.  Both  pota  and  cords  stream- 
ing with  water,  and  glittering  in  the  sun,  presented  to  the  vivid  imasina- 
doos  of  the  orientals,  striking  resemblaniies  to  burnished  gold  and  silver. 
The  circulation  of  the  stream  of  life  in  man,  (his  blood)'  its  interruption 
in  disease  and  old  age,  his  energies  failing,  and  the  mechanism  of  his 
frame  wearing  out,  and  at  last  ceasing  forever  to  move;  are  forcibly  illus- 
trated by  the  endless  or  circulating  cord  of  this  machine;  its  raising  living 
'waters  and  dispersing  them  through  various  channels,  as  so  many  streams 
of  life,  until  its  vessels,  the  pitchers,  become  broken,  and  the  flow  of  the 
stream  interrupted,  and  the  wheel,  npon  which  its  movamenta  depended, 
becoming  deranged,  broken,  and  destroyed. 

That  the  pot*  or  vases  are  frequently  broken,  we  learn  from  numerous 
travelers.  In  the  account  of  Joseph's  well,  in  the  Grande  Detcription,  it 
is  said  to  be  necessary  for  a  man  to  be  in  coustant  attendance,  to  keep  the 
animals  which  move  it  from  stopping,  and  U)  replace  the  pilchert  l/iat  are 
broltm.  And  that  the  wheels  were  often  deranged  is  more  than  pro- 
bable, when  we  consider  bow  exceedingly  rude  and  imperfect  is  Uietr 
construction  over  all  the  east.  The  surprise  of  travelers  haa  often  been 
elicited  by  their  conUnuing  to  work  at  all,  while  exhibiting  every  symptom 
of  derangement  and  decay.  "  The  water  wheels,  pots,  ro}>eB,  &g."  says 
Mr.  St  John,  "had  an  extremely  antique  and  dilapidated  appearance;  and, 
if  much  used,  would  undoubtedly  fail  to  pieces,"''  We  are  told  that  a 
more  striking  picture  of  rude  and  iraporfact  mechanism  could  scarcely  be 
conceived  ;  and  it  is  not  improbable,  that  the  '  Egyptian  Wheel'  as  an  em- 
blem of  vutvUHty,  had  reference  to  its  defective  construction  and  con- 
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>tant  liability  to  derangenient,  as  mucli  so  as  to  its  rotsir  movement.  Nor 
is  it  likely  that  they  were  much  superior  at  any  time  in  Judea,  for  the 
Jews  never  cultivatod  the  arts  lo  any  extent.  The  mechanics  among 
diem  when  they  left  Egypt  were  probably  more  numerous  and  expert 
than  during  any  subsequent  period  of  their  history.  In  the  eleventh  cen- 
tury B.  C.  when  Saul  began  to  reign,  there  was  not  a  blacksmith  in  the 
land,  or  one  that  <»>uld  for^e  iron ;  they  had  been  carried  off  by  the  Phi- 
listines ;  and  although  David  at  his  death  left  numerous -artificers,  when  his 
son  built  the  temple  and  his  own  palace,  he  obtained  mechanics  from  TvitB. 
It  is  moreover  possible  that  the  plaints  and  moanings  incident  to  old 
age,  'when  the  grasshopper  shall  be  a  burden  and  desire  shall  Itiil,*  were 
ftlso  intended  to  be  pointed  out  by  the  perpetual  cre^ing  of  these  rickety 
machines,  as  indicative  of  approaching  dissolution.  The  harsh  noise  they 
make  has  been  noticed  by  several  travelers.  St.  John  speaks  of  the  creak- 
ing soand  of  the  water  wheels ;  and  Stephens,  in  his  '  Incidents  of  Travel,' 
OMerves,  "  it  was  moonlight,  and  the  creaking  of  the  water  wheels  on 
the  banks,  (of  the  Nile)  sounded  like  the  moaning  spirit  of  an  ancient 
£gyptian." 


There  is  a  machine  noticed  by  ancient  authors,  which  probably  belongs 
to  tlus  pert  of  our  subject,  and  it  is  by  far  the  most  interesting  hydrauho 
engine  mentioned  in  history.  Some  circumstances  connected  with  it,  are 
also  worthy  of  notice.  It  vna  constructed  and  used  in  the  must  ancient 
and  moat  splendid  city  of  the  postdiluvian  world  j  a  city  which  according 
to  tradition  existed  like  Jonpa,  before  the  deluge:  viz.  Babvlok — a  city 
genemlly  allowed  to  have  l>een  founded  by  the  buildersof  Babel;  subse- 
quently enlarged  by  Nimrod;  extended  and  beautified  by  SrmiTomu; 
and  which  reached  its  acme  of  unrivaled  splendor  under  Nebuchadnezzar. 

The  engine  which  raised  ihe  water  of  the  Euphrates  to  the  top  of  the 
walls  of  this  cily,  to  supply  the  pensile  or  hanging  gardens,  greatly  ex- 
ceeded in  the  perpendicular  height  to  which  the  water  "was  elevated  by  it, 
the  most  famous  hydraulic  machinery  of  modem  ages  ;  and  like  most  of 
the  works  of  the  remote  ancients,  il  appears  to  have  borne  the  impress  of 
those  mighty  intellects,  who  never  suffered  any  physical  impediment  to 
interfere  with  the  accomplishment  of  their  designs  j  and  many  of  whose 
works  almost  induce  us  to  belii've  that  men  '  were  giants  in  those  days.' 
The  walls  of  Babylon,  according  to  Herodotus,  i,  178,  were  350  feet  high! 
Diodorus  SiculuB  and  others  make  them  much  less;  but  the  description! 
of  them  by  the  latter,  it  is  alleged,  were  applicable  only,  after  the  Per- 
dans  nnder  Darius  Hystaapes  retook  the  city  upon  its  revolt,  and  demo- 
lished, or  rather  reduced  their  height  to  about  50  cubita  ;  whereas  the  fa- 
ther of  history  givea  their  original  devatton,  and  incredible  as  it  may  ap- 
pear, his  statement  is  believed  to  be  correct.  He  is  the  oldest  author 
who  has  described  them;  and  he  ritited  Babylon  within  one  hundred  and 
twenty  years  of  Nebuchadneziar's  death;  and  four  hundred  before  Dio- 
dorus flourished.  He  has  recorded  the  impressions  which  at  that  time, 
the  city  mode  on  his  mind,  in  the  following  words,  "  its  internal  beauty 
and  magnificence  exceed  whatever  has  come  within  my  knowledge ;"  ai^ 
Herodotus,  it  must  be  remembered,  wba  well  acquainted  with  the  splen- 
did cities  of  Egypt  and  the  eosL  Had  not  the  pyramids  of  Geezer,  the 
temples  and  toroba  of  Thebes  and  Ramac,  tlie  artificial  lake:  and  canals 
of  Egypt,  the  wall  of  China,  the  caves  of  Ellora  and  Elephanta,  &c. 
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coma  clawn  to  onr  times;  draertptions  of  tbem  hy  aaewnt  •nthon,  wnuld 


bavc  been  deemed  extravagwit  or  fsbulou*,  and  tlieir  dunensiona  reduciid 
to  auimiUte  them  with  the  works  of  modem  times:  ao  strongly  are 
yra  incliaed  to  depreciate  the  labors  of  tlie  anciools,  whenever  they 
greatly  excel  our  own.  According  to  BerosDS,  who  is  quoted  )>y  Jose- 
phus,  Aoliq,  x,  11,  it  wu  Nebnchadoezzar  who  constructed  ihese  gardens, 
•o  that  the  prophet  Daniel  must  hare  witnessed  their  ereciion,  and  tlao 
dwt  of  the  hydraulic  engine ;  for  be  was  a  young  mux  when  taken  a  cap- 
tire  to  Babylon  in  the  beginning  of  Nebuchadnezzar's  reign,  and  he  coo- 
dnued  there  till  the  death  of  that  monarch  and  of  his  successor.  Amytia, 
die  wife  of  Nebuchadnezzar,  was  a  Mede,  and  as  Babylon  was  situated 
on  an  extensive  plain,  «he  very  sensibly  felt  the  loss  of  the  hills  and 
broods  of  her  native  land.  To  supply  this  loss  in  some  degree,  these  fsr 
mouB  nrdens,  in  which  large  forest  trees  were  cultivated,  were  cod- 
srtructed.  They  extended  in  tenacea  formed  one  above  another  to  the 
«op  of  the  city  wails,  and  to  supply  them  with  the  neceaaary  moisture, 
the  engine  in  question  was  erected.* 

As  no  account  of  the  nature  of  this  machine  has  been  preserved,  we 
are  left  to  conjecture  the  principle  upon  which  it  was  consti-uctcd,  fiflm 
the  only  datum  afforded,  viz :  the  height  to  which  it  raised  the  water. 
We  can  easily  conceive  how  water  could  have  been  supplied  to  the  upper- 
moat  of  these  gardens  by  a  teria  of  raacfainea,  as  now  practised  in  the  east 
to  carry  water  over  the  highest  elevations — but  (his  Is  always  mentioned 
;ine,  not  a  series  of  them.     Had  its  location  been  det 


•d,  that  circomBtance  alone,  would  have  aided  materially  ii 
gauon ;  hut  we  do  not  certainly  kitow  whether  it  was  placed  on  the  hig'hest 
terrace— on  a  level  with  the  Euphrates — or  at  some  intermediate  e]eva.tion. 
The  authors  of  iheUniversal  History  remark,  "upon  the  wp^wrmMt  of  these 
terraces  was  a  reservoir,  supplied  by  a  certain  engine,  from  whence  the 
gardens  on  the  other  terraces  were  aupplied."  They  do  not  say  where  the 
engine  itself  was  located.  Rollin  places  it  on  the  highest  part  oPthe  gar- 
dena  :  "  In  the  npper  terrace  there  was  an  engine  or  kind  of  pump  by 
which  the  water  was  drawn  up." 

The  statement  of  an  engine  having  been  erected  at  the  ton  is  probably 
correct,  for  we  are  not  aware  that  the  ancients  at  that  period  possessed 
any  machine  which,  tike  the  forcing  pump,  projected  water  abovt  itttif. 
Ancient  machines,  (and  every  one  which  we  have  yet  examined,  is  an  ex- 
ample,) did  itot  raise  water  higher  than  their  own  level.  But  if  sucking 
and  forcing  pumps  were  then  known  and  used  in  Babylon,  a  period  hou'ev- 
er,  anterior  to  that  of  their  alleged  invention,  of  at  least  500  years,  stilt  if 
this  engine  was  placed  on  the  uppermost  terrace,  both  would  have  been 
wholly  inapphcable.  If  therefore  we  incline  to  the  opinion  that  thia  en- 
gine was  a  modificaiion  of  one  of  those  ancient  machines,  which  we  have 
already  examined ;  we  are  not  led  to  this  conclusioD  by  supposing  the 
■tale  of  the  arts  in  Babylon  at  the  period  of  its  construction,  to  have 
been  too  crude  and  imperfect  to  admit  of  more  complex  or  philosophical 

•  Psinling* (bond  in  Pompeii, rspreMM  VilluoriwDtloriea  hSTin^  tieei  planted  on 
■heir  loofii.  These  kind  of  gnnlena  were  probably  uol  verjr  uDcoiiimoii  in  sncient 
times  in  iha  eut,  Ifaongli  dddb  perttapr  ever  eqnnfed  thnie  of  Babylon.  They  hiiTV 
been  continued  to  modem  timRi  in  Asia.  Tsvern'rer,  nben  in  Baltnagu-  (liia  modem 
Hjdeiabad)  tbe  capiul  of  Go)conda:,  foiiud  tbe  raofi  or  the  lar^s  courli  of  tbe  palsoe 
tetiaced  and  conUiDiQ|[  gardeni.  in  which  ivcrn  Ireen  of  «iich  iiniuenee  fize  "  thai  it  is 
■  thing  of  great  nonder  now  ()io*e  archea  should  bear  ko  rHut  a  biirdeo."  The  orifin 
of  dieiw  and  of  the  cil;  wa>  aiinilnr  tu  that  of  tbe  Babylonian  gaidens.  The  Kiug  at 
the  importnniif  of  Nagar.  one  of  faiit  wives,  fiianded  the  cily  and  uamad  it  anet  ksr 
Bagmmgat—i.  e,  "  the  gardtiuil  of  Nsgsi." 
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tpparUdv—Km  ^m  contrary,  we  know  that  the  Bafavloniani  curied  nwnj 
of  the  axta  to  the  btgfaeat  degree  of  refinement.  "  They  were  great  cob- 
trivera,"  in  thia  respect,  and  "  fell  short  of  do  one  neUion  under  the  aim, 
n  far  from  it,  that  they  in  a  great  measare  showed  the  way  to  every  na- 
tton  beaidea."  Uoirer.  His.  Vol.  i,  933.  Besides,  it  is  certainly  more 
philosophical  to  suppose  this  famous  en^ne  to  have  been  a  modification 
of  Bume  nnchine,  which  we  have  reason  to  believe  was  used  in  CiialJea  at 
that  time,  and  capable  of  producing  the  results  ascribed  to  the  Babylonian 
enffine,  than  of  any  other  of  which  that  people  possibly  knew  nothing. 

or  all  ancient  machines,  the  chain  of  fotb  was  oertauily  the  best  ad^it- 
ed  for  the  purpose,  and  if  we  mistake  not,  the  only  one  that  could,  with 
any  regard  to  permanency  and  effect,  have  been  adopted.  It  stands,  and 
jnstly  BO,  at  the  bead  of  all  ancient  engities  for  raising  water  throu^  great 
elevations  ;  and  it  may  be  doubted  whetiier  any  machine  could  now  be 
produced  better  adapted  for  the  hanging  gardens  of  Babylon— either  in  the 
economy  and  simplicity  of  its  construction ;  durability  and  effect;  c 


leas  liable  to  derangement,  less  expensive,  or  less  difficult  for  ordinary 
people  to  repair.  The  project  of  raising  water  through  a  perpendicular 
elevation,  exceeding  three  hundred  feet,  in  numeroos  vessels  attached  to 
an  endless  cbatn,  would  probably  startle  most  of  our  mechanicians ;  and 
some  might  suppose  that  the  weight  of  so  long  a  chain,  if  made  of  iro», 
would  overcome  the  tenacity  of  the  metal ;  but  almost  all  the  works  of 
the  remote  ancients  partook  of  the  same  bold  features.  MagK^ade  in  soma 
of  their  machinks,  is  as  surprising  as  in  other  deportments  of  their  labors. 
Their  engineers  seem  to  have  carried  it  to  an  extent  that  in  modern  days, 
WodTd  be  considered  oa  verging  on  the  limits  of  the  natural  properties  of 
materials.  • 

That  the  chain  of  pots  was  the  standard  machine  lor  raising  water  iis 
gwaiUilietJ'i'OM  great  depth*  would  appear  from  Vitruviua,  since  it  is  the 
only  one  adapted  for  that  purpose  which  he  has  described,  except  the 
"machine  of  Ctesifaiusj"  and  as  he  professes  to  give  an  account  of  the 
"  various  machines  for  raising  water,"  and  his  profession  as  a  civil  engi- 
neer would  necessarily  render  him  familiar  with  the  beet  of  them,  it  ia 
clear  that  he  was  ignorant  of  any  orber  having  been  in  previous  use. 
That  the  engine  at  Babylon  was  no  other  than  the  chain  of  pots,  may  be 
inferred  from  the  employment  of  the  latter  in  Joseph's  well,  where  it 
raises  water  to  an  elevation  nearly  equal  to  that  ascribed  to  the  former ; 
and  if  the  subject  were  of  sufficient  interest,  we  think  a  connection  might 
be  traced  between  them,  if  Joseph's  well  be,  as  supposed,  a  relic  of  Egypt- 
ian Babyloiu  Both  Egypt  and  Ghaldea  were  subject  to  the  ssme  monarch 
at  the  time  that  city  was  built.  Twenty  two  or  three  years  only  had  elapsed 
after  Nebuchadnezzar's  death  when  Cyrus  took  Babylon,  and  with  it  the 
empire ;  and  nine  years  after  he  was  succeeded  fay  his  son  Cambyses,  who 
when  in  Esypt,  it  ia  alleged,  founded  a  city  on  the  site  of  modem  Cairo, 
and  uamed  it  after  old  Babylon  Cambyses  reigned  seven  years  and  live 
menihs.  If,  therefore,  the  Babylonian  machine  was  superior  to  the  '  chain 
of  pots,'  (and  it  must  have  been,  if  it  differed  at  all  from  the  Isiter,  for 
otherwise  it  would  not  have  been  selected,)  then  it  would,  we  think,  »m  a 
natter  of  course,  have  been  adopted  also  in  Joseph's  welt,  in  which  the 
water  was  re<]uired  to  be  elevated  to  about  the  same  height  as  in  the 
hanging  gardens.  Bendes,  if  it  possessed  peculiar  advantages,  it  would 
certainly  have  been  prettTDed  m  km,  as  well  as  the  chain  of  pots,  for  tha 
wealth,  comfort,  and  even  existence  of  the  people  of  the  east,  have  at  all 
times  depended  too  much  upon  such  machines  to  suffer  any  valuable  oob: 
to  be  losL 
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But  wa*  the  chain  of  thia  machiiw  formed  of  metal,  or  of  ropest  Of 
the  latter  we  have  no  doubL  Tliey  are  generally  made  of  flax  or  fibres  of  the 
palm  tree  at  die  present  day  over  atlthe  eaiL  In  Treat  eloTatiuns,  chains 
of  rope  possess  important  advantages  over  those  of  metal,  in  their  supe- 
rior lightness,  being  free  from  corrosion,  and  the  facility  of  repairing  them. 
But  by  Cu  the  moat  interesling  problem  connected  with  the  Babylonian 
engine  is,  whs  the  water  of  the  Euphrates  raised  by  it  to  the  highest  ter- 
race Bt  a  B1NOLC  i.irr  1  If  we  bad  not  been  informed  of  one  reBervoir  only, 
on  the  ujmer  terrace  "  from  whence  the  gardens  on  the  others  were  water- 
ed," we  should  have  supposed  the  water  realty  raiaed  aa  in  Joseph's  well, 
i.  e.  by  /too,  or  even  more  separate  chuns ;  and  as  it  ia,  we  cannot  believe 
that  so  ingenious  a  people  as  the  Babylonians  would  raise  the  whole  of 
the  water  which  the  gardens  required  to  the  uppermost  terrace,  when  the 
greateit  portion  of  it  was  not  wanted  half  so  high.  As  the  sise  of  the  le»- 
races  diminished  as  they  approached  thetop  of  the  walls,  it  is  probable  that 
full  two  thirds  of  the  water  was  consumed  within  one  hundred  fpelof  the 
ground.  We  therefore  conclude  that  this  famous  engine  was  composed 
of  at  least  two,  and  probably  more,  separate  chains  of  pots ;  and  even  then, 
it  might  with  as  much  propriety,  be  noticed  by  ancient  authors  ai  a  <m^ 
machine,  as  that  at  Cairo  still  is,  by  all  modem  travelers.  Winkelman 
•ayv,  the  famous  gardens  at  Babylon  had  canals,  some  of  "  which  weie 
supplied  by  pumps  and  other  engines."  And  Kireher  in  his  Twrit  Babd, 
1679,  represents  fountains  and  jeU  d'eau  on  every  terrace. 


*  Nd.  si.    Ilopi  Pinp. 

There  is  another  device  that  belongs  to  this  chapter.  Every  persm 
'knows,  that  where  water  is  dispersed  over  extended  surfaces,  and  of  too  lim- 
>ited  depth  to  allow  the  use  ol  a  vessel  to  scoop  it  up,  various  substances 
-are  employed  to  absorb  it,  as  sponge  and  woolen  rags,  and  from  which  it  i» 
-separated  by  pressure.  A  housemaid,  when  wafhing  a  floor,  thus  collects 
in  a  cloth  the  liquid  dispersed  in  the  purifying  process;  and  by  wring- 
ling  returns  it  to  the  vessel.  The  process  is  substantially  the  same  as  that 
adoptccl  to  raise  water  in  Vera's  Rope  Pump.     See  No.  57. 

This  machine  conaists  of  one  or  more  endless  ropes,  formed  of  loosely 
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ntnn  wool  or  hone  tiair,  and  Btretclied  on  two  pullejrs  like  Uie  endlflas 
ohuD  of  pots.  Then  pulleys  Lave  grooves  formed  on  their  aur&cea  for 
the  recepuon  of  the  ropea.  One  of  ihem  is  placed  over  the  mouth  of  a 
well,  utd  the  other  auspended  in  or  secured  to  the  bottom.  A  rapid  mo- 
tion is  communicated  lo  the  upper  pulte^,  by  a  multiplying  wheel,  and 
the  ascending  aide  of  each  rope  then  carries  up  the  vrater  absorbed  by  it; 
and  which  is  aeparated  from  it  when  passing  over  the  upper  pulley,  partly 
by  centrifugal  force,  and  partly  by  being  squeezed  in  the  deep  groove,  or 
by  passing  through  a  tube  as  shown  in  the  iigure.  In  the  keginning  of 
the  motiau,  the  column  of  water  adhering  to  the  rope,  is  always  less  than 
when  it  has  been  worked  for  some  time,  and  coDtinuea  to  Increase  till  the 
inrroonding  air  partakes  of  its  motion.  By  the  utmost  efforts  of  a  man, 
nine  gallons  of  water  were  raised  by  one  of  these  machines  from  a  well, 
nine^-Hve  feet  deep,  in  one  minute.     Adam's  Pbilos.  Vol.  iii,  494. 

The  HTURAuuc  UELT  is  a  similar  contrivance.  It  is  an  endless  double 
bandof  woolen  cloth,  passing  over  two  rollers,  as  in  figure  S7.  It  is  driven 
with  a  velocity  of  not  less  than  a  thousand  FeeL  per  minute;  when  the  water 
contained  between  the  two  surfaces  is  carried  up  and  discharged  as  it  passes 
over  the  upper  roller,  by  the  pressure  of  the  band.  Some  machines  of 
this  kind  are  stated  to  have  produced  an  effect  equal  to  seventy-five  per 
cent,  of  the  power  expended,  while  that  of  ordinary  pumps  seldom  ex- 
ceeds sixty  per  cent.     See  Lon.  Hecfaan.  Mag.  Vol.  xxix,  page  431. 
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Hxqula  sT  Wonuter^  piflpoijtiga  nlitla|  U  It,  ueBpUIaJ  \j  M.  PMtIi— JliUH  oT  MUtl  ll  il 
fcrwirij  coHldcnd  iHipUublB— lu  hbUrj— Not  iiTealsd  br  AkUbhIh— SappoK^  u  k«i  Iwea  la 
■utr  ■»  la  EfTpt— VllnTiu  ilUot  raapKtliir  iU  ulkor-CoHi  lu  InoUr  gr  n-iDfmtnw-Tkii  pU- 
laMpk*rllutaufitrklaflulH7arPulmrudBer*iil«— INdociiUi  iI»  anhlwcl-^iupiiiiiloiiofiHIal. 
bsiabaiBCHiiHInniiippon— TkiHnwMiutrlkaM  in  Anhlmdn  till  iflar  hli  d«ib— InnEilaH 
■Ah  fins  u  ttkm  Ihu  their  utkon— Senwi  u*]  »  ililp  piiipi  bjr  Um  Gn>]»— rUiUiwi  Hk* 

KandiUry  dtlaud  dliliKUau~Tbflr  KcapEua  BDBonbT  of  phHHopkrri— E>il  lilnii»*rKkgii- 
•Uc  ■«  in  K«pdaf  IbeiB— Thilr  daDaBciiUDia  pranT  of  ihe  wlidaaud  tJmuot  IbslVuHnsr  Ilw 
D.  8.  Cau(hiitla»--Tk(lr  HllicUoii  la  Eanp*  daiinU*— PJbW,  BdIui,  uhI  Socnlu-~0«ar(a  tH — 
Qtettt  \V—lmmm  Walt— AnfD— DcHripUgn  ctf  tka  'BjTKBBka,'  ■  Alp  ball!  br  AnUiBidaa,  Is 
■kkk  tk*  •enir  Flap  wai  iMd. 

Thb  CocitLEON  or  EoTPTiAN  Screw,  the  machine  next  described  by 
Vitruvius,  is,  in  every  respect,  the  most  original  one  of  which  he  has  giv- 
en an  account  Unlike  the  preceding,  which  appear  to  have  been  in  a 
great  measure  deduced  from  each  other,  it  forms  a  species  of  itself;  and 
wlioever  was  its  inventor,  he  has  left  in  it  a  proof  of  his  genius,  and  a 
lasting  monument  of  his  skill.  If  it  be  not  the  earliest  hydraulic  engine 
that  was  composed  of  ttAe*,  or  in  the  construction  of  which  they  were  in- 
troduced,  it  certainly  is  the  oldest  one  known  of  that  description ;  and  in 
its  mode  of  operation  it  differs  essentially  from  all  other  ancient  lube  ma 
chines  ;  in  the  latter  the  tubes  merely  serve  as  conduits  for  the  ascending 
watrr,  and  as  such  are  at  rest;  while  in  the  screw  it  is  the  tubes  theinsolvea 
in  motion  that  raise*  the  liquid. 
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Thii  mulnDe  hu  been  coBatructed  in  s  njietj  of  xnjs.     Sntnerimee 
by  winding,  io  the  muiner  of  a.  «crew,  one   or  more  flexible  tnbei 
(generellv  of  lead  or  strong  leUh- 
er)  round  a  cylinder  of  wood  or 
*  iron.     Tfaia  cylinder  ia  auslained 
by  gudgeons  in   aucli  a  poeidon, 
'   that  at   whatever  angle  with  tbe 
horizon  it  is   used,  the   plane  of 
!  the  helix  must  always  be  inclined 
to  iia  axis  at  a  greater  angle ;  oth- 
erwise no  water  coald  be  raiaed 
by  it  any  more  than  by  turning 
it  in  the  wrong  direction.     The 
lower  end  being  immersed  in  wa- 
ter, the  liquid  enters  the  tube  and 
ia  gradually  raised  by  each  revo- 
lution until  it  is  discharged  above. 
These  madiines    aro  commonly 
used  at  an  inclination  to  the  hon- 
con  of  about  45°,  although  ihej 
sometines  aro  placed  atGO°.    See 
the  figure. 
No.  38.   Bcnw.  Intitead  of  tubes  WDund  round 

a  cylinder,  la:^  grooves  were  sometimes  formed  in  the  latter  and  cover- 
ed by  boards  or  aheets  of  metal,  closely  nailed  to  the  aurfacea  between 
the  grooves — so  that  the  latter  might  oe  considered  as  tubea  auAk  into 
the  cylinder,  instead  of  being  folded  round  its  exterior. 


Another  mode  was  to  make  the  threads  of  plank,  arranged  as  a  helix 
round  a  solid  cylinder,  which  was  fitted  wiih  journals,  and  made  to 
revolve  in  a,^ZM  hollow  cylinder  of  the  same  length  ;  the  edges  or  ex> 
tremtties  of  the  threads  rubbing  against  the  sides  of  the  ktler,  and  con- 
sequently producing  the  same  effect  as  No.  S8.  This  modificadon  of  the 
cochleon  is  known  as  the  German  Snail.  It  has  tliis  advanrsge,  that  it 
may  be  woi^ed  in  bji  open  channel,  or  half  a  cylinder  instead  of  a  whole 
one,  since  it  is  only  the  lower  half  of  the  latter,  that  is  essential  to  the 
ibe  operation  of  raidng  water.  Machines  of  this  kind  of  targe  dimen- 
tions  have  long  been  employed  by  the  Dutch,  and  aro  generally  driven 
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hy  windoiills.  But  the  ont«r  cj^Iinder  is  mora  geiiraully  fixed  to  Ui« 
•dg««  of  the  belix,  and  turned  with  iu  It  was  made  in  this  manoer  by 
the  BQciGtit  Ramans  ;  tlie  outer  cylinder  or  case  was  of  plsok,  well  joint- 
ed togeilker,  and  nailed  to  tlie  edges  uf  the  screw,  and  the  whole  cemented 
with  pilch,  and  bound  togedier  by  iron  hoops.  It  was  moved  like  the 
norift.  Sec.  "  by  the  walking  of  men."     Vitruvius,  B.  x,  Chap.  11,      See 

The  screw  as  represented  in  the  preceding'  figures,  haa  never  been  lost 
to  the  world  siore  its  invention,  although  it  has  long  been  unknown  in  that 
oountry  in  which  it  was  devised — Egypt.  It  appears  early  in  printed 
b«>okB.  In  the  first  German  edition  of  Vegetius,  (1511)  it  is  figured,  and 
Dearly  in  a  vended  poBidon.  A  laborer  with  a  feather  in  hta  cap,  uid  a 
■wrora  at  his  side,  is  teaUd  acrosa  the  top  of  the  frame,  and  turns  it  by  a 

Like  almost  every  other  hydrsulic  en^ne,  the  screw  has  ol^n  been 
re-invented.  CHrdan  mentions  a.  bUcksnilh  of  Milan,  who  imagining  him- 
self its  original  inventor,  "  for  joy,  rsn  out  of  hU  wita,"  and  the  writer 
mcotleets  when  a  boy,  hearing  of  an  ingeniouB  shoemaker  m  much  the 
aauM  predicament.  It  appears  to  have  been,  like  other  machines  for  the 
same  purpose,  introduced  into  England  from  Germany.  "  The  Holland- 
ers, (says  Switzer,)  have  long  ago,  as  some  books  that  I  have  seen  of 
theirs  of  fortification  intimate,  us'd  them  in  draining  their  morassy  and 
fenny  ground,^ii>M  loAcuce  tAey  Aave  been  hroHgki  into  Englandj  and  used 
in  the  fens  of  Lincolnshire,  Cambridgeshire  and  other  low  countries. 
Those  of  the  smallest  kind  dial  are  worked  by  men  have  only  an  iron 
handle,  as  a  grindstone  has;  but  the  largest  that  are  wrought  by  horses, 
have  a  wheel  like  the  cog-wheel  of  a  horse  mill.  This  engine,  (he  con- 
dnues,)  which  takes  hold  of  the  water,  as  a  cork  screw  does  a  cork,  will 
throw  up  water  as  &st  as  an  overshot  wheel,  whereby  in  a  short  time,  an 
infinite  number  of  water  may  be  thrown  up;  and  I  remember  when  the 
foundation  of  the  stately  bridge  of  Elenkei^t  was  laid,  we  had  some  of 
them  used  with  great  success  ;  and  they  are  also  used  in  the  New  River 
Works,  about  Newbury,  Berkthire,  and  said  to  be  the  contrivance  of  a 
oommoD  soldier,  who  brought  the  invention  out  of  Flanders."  Hydros- 
tatics, 296,  298. 

When  employed  to  raise  water  to  great  elevations,  a  series  of  two, 
three,  or  more,  one  above  another,  have  been  employed ;  the  lower  one 
discharging  its  contents  into  a  basin,  in  which  the  inferior  end  of  the  next 
above  is  immersed,  the  whole  being  connected  by  cog  wheels.  Thus  an 
old  author  observes,  "  you  may  raise  water  to  any  height  in  a  narrow  place, 
viz.  within  a  tower  to  the  top  thereof,  as  we  have  known  done  at  An- 
gusfa,  in  Germany  ;  tu  wit,  if  the  spiral  pipes  be  multiplied,  so  that  the 
water  being  raised  by  the  lower  spiral,  and  oeing  poured  out  into  some  re- 
ceptacle or  cistern  ;  hence,  it  may  be  raised  higher  again  by  another  spiral, 
and  BO  successively  by  more  spirals,  as  faigh  as  you  please,  all  which  spir- 
als may  be  moved  by  one  power,  viz.  by  the  water  of  a  river  underneath, 
or  by  another  animated  power."     Moxon. 

It  was  one  of  the  objects  of  the  Marquis  of  Worcester,  and  his  '  unpa* 
talleled  workman,  Caspar  Kaltoff,'  to  avoid  the  necessity  of  thus  combin- 

■  Whether  fittiw  was  the  nmsJ  pomtion  of  Enropesii  hbonrs  and  mechauia  irbm 
at  work,  in  the  middle  oget,  we  knew  not ;  but  Cimbdep  hat  ■  miMik  nbicb  iaiinwtes 
that  all  EngUtk  inccbuiiei  hid  not  in  hit  time,  >bsud«ited  this  oriental  cnitom  In  coo- 
cludiDi  bw  loQc  aceouaiof  "  ifae  StalesandDegreecof  Enflsiid,"rrom  kings. prineee, 
dukei,  lords,  knighli,  Ac.  he  contiouea,  "  lud^,  cndUmCD,  utkana  or  workmni ;  be  they 
tbsi  labor  for  hire,  and  namalj,  nch  n  bit  sI  nwA,  awritemffa  m^fimt,  fmiUa,  eir- 
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ing  a  number  of  them  to^etKer,  u  appetrt  from  Ae  fifly-diird  propondon 
in  the  '  century  of  inventions,'  "  A  way  how  to  make  hollow  and  cover 
a  water  screw,  as  "big  and  aa  hmg  aa  one  pleiseth,  in  au  easy  and  cbnap 
tvay."  How,  and  of  what  materials  he  made  this,  is  not  known,  bat  the 
fifty-fifUi  proposition,  in  the  following  words,  baa  been  fu)]y  and  practical- 
ly developed  by  a  French  engineer.  "  A  douhU  water  screw,  the  inner- 
moat  to  mount  the  water,  and  the  outermost  for  it  to  descend,  more  ia 
number  of  threads,  and  consequently  in  quantity  of  water,  though  much 
shorter  than  the  innermost  screw  by  which  the  water  ascendeth  ;  a  moat 
extraordinary  help  for  the  turning  the  screw  to  make  the  water  rise."  In 
18IS,  M.  Pattu  published  an  account  of  the  following  improveroenls,  by 
which  the  ideas  of  Worcester  are  realised. 


No.  60.  represents  two  separate  screws  formed  on  the  same  axis,  one 
of  which,  A,  is  long  and  narrow  and  serves  for  the  nucleus  of  C,  which 
is  much  wider  and  shorter.  This  is  designed  to  propel  the  former.  The 
tbreadsof  both  wind  round  the  axis  in  opposite  directions,  to  that  when  those 
on  one  appear  to  be  moving  upwards,  uiose  on  the  other  seem  to  be  going 
downwards.  The  water  from  the  stream  M,  is  directed  into  the  lop  of 
the  large  screw,  and  by  its  weight  (as  on  an  overshot  wheel)  pats  the 
whole  in  motion,  and  consequently  the  water  at  O,  in  which  the  lower  end 
of  A  revolves,  is  rused  into  the  cistern  at  B.  No.  61  is  merely  the  same 
machine  inverted.  It  illustrates  the  applications  to  such  locations  as  have 
a  short  fall  above  the  place  to  which  the  water  is  to  be  raised.  In  No.  6S 
the  small  screw  drives  the  large  one,  through  which  the  water  from  the 
lowest  level  is  raised  sufficiently  high  to  be  discharged  at  an  intermediate 
one,  as  at  G.  From  these  Rgurea  it  will  be  perceived  that  the  screw  has 
been  employed  like  the  noria  and  the  chain  of  pots,  to  transmit  power. 

This  machine  was  formerly  considered  as  exhibiting  a  very  singular 
paradox,  viz,  that  the  wattr  "  ascended  by  descending."  and  the  mystery 
was,  how  both  these  operations  could  be  performed  at  the  same  time,  and 
yet  produce  so  strange  a  result.  It  was  remarked  that  when  those  form- 
ed of  glass,  were  put  in  motion,  the  water  ran  dowtt  the  under  side  of  each 
turn  of  the  tubes,  and  continued  thus  to  descend  until  it  was  discharged 
at  the  top  !  The  whole  operation  and  the  effects  being  visible,  there 
aeemed  no  room  for  dispute,  however  contrary  to  acknowledged  princi- 
ples the  whole  might  appear.  The  case  wa?  apparently  inexplicable,  and 
seemed  to  present  a  parallel  one  to  that  of  the  asymtote  ;  the  properties 
of  the  latter  being  as  incapable  of  demonstration  to  the  mkmi,  as  the  lup- 
posed  operation  of  this  machine  could  be  reconciled  to  the  mi*d.  Indeed 
thp  proposition,  that  two  geometrical  lines  may  continue  to  approach  each 
other  forever,  without  the  possibility  of  coming  in  contact,  is  apparattly, 
(juite  as  impossible,  as  that  water  should  ascend  an  inclined  plane,  by  the 
mere  exercise  of  its  own  gravity.     But  the  idea  of  water  ietec^iKg  in 
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its  pauagv  tbrongfa  the  screw  was  altogether  ui  illnaioti.  On  the  contra- 
ly,  it  is  unifonnly  raised  by  the  contiiiiial  elevation  of  that  part  of  the  tube 
which  is  iinin»diately  behind  the  liquid,  and  which  pushsB  it  up  in  a  man- 
ner analagous  to  thai  representsd  oy  the  following-  diagrani. 

Suppose  AY,  the  edge 
of  a  wide  strip  of  cloth 
or  tape,  secured  at  both 
ends,  at  an  angle  with 
the  horizon,  as  repre- 
sented, and  upon  Which 
the  boy's  marble  or 
brilalP,  cwi  roll.  If 
It^u.  'we  hold  the  pen  with 

which  we  aro  writine 
under  the  tape  between  F  Y,  and  raise  that  part  into  the  position  indicated 
by  the  dottra  lines;  the  ball  would  necessarily  be  pushed  forwurd  to  E  ; 
and  if  the  pea  were  then  drawn  towards  B  on  the  line  D  B,  the  bell  wonid 
be  carried  sp  to  A,  and  without  deviating  in  its  path  from  the  line  Y  A. 
If  A  Y  were  the  under  side  of  a  flexible  pipe  or  gutter,  conlainins 
water  at  E  in  place  of  the  ball,  it  is  obvious  that  it  would  also  be  raised 
to  A,  in  a  like  manner.  By  the  same  principle  water  is  raised  in  the  screw, 
and  we  may  add,  in  much  the  same  way,  for  the  rotation  of  the  screw  is 
merely  another  mode  of  effecnng  the  same  thing,  which  we  have  suppos- 
ed to  be  done  more  directly  by  ibe  pen,  i.  e.  by  producing  a  continuaJ  ele< 
vadan  of  the  plane  immediately  behind  the  ball  or  the  water.  The  path 
of  the  latter  thrangh  a  screw  is  the  same  as  that  of  the  ball,  while  the 
curves  assumed  by  the  tape,  as  to  the  dotted  lines,  represent  secdons  tX 
the  helix,  and  the  lines  D  B,  A  Y,  of  the  cylinder  within  which  it  is 


Alt  the  ancient  machines  hitherto  examined,  have  come  don'n  from  pe- 
riods so  extremely  remote,  that  not  a  single  circumstance  connected  with 
their  origin  or  their  authors  has  been  preserved.  The  screw  is  the  llrat 
machine  for  raiainf  water,  whose  inventor,  or  alleged  inventor,  has  heeii 
named ;  and  jret,  from  the  imperfect  and  mutilated  state  of  such  ancient 
writings  that  incidentally  mention  it,  and  the  loss  of  others  which  treated 
professcdlj/  on  it,  the  question  of  its  origin  is  far  from  being  settled.  Al- 
though it  IS  s&id  to  have  been  invented  by  Archimedes  and  has  long  been 
named  after  him,  there  are  circumstances  which  render  it  probable  that 
Diodorua  Siculua  and  Atheneus  were  mistaken  when  they  attributed  it 
to  the  great  philosopher  of  Syracuse.  Hod  the  account  ot  this  machine 
which  Archimedes  himself  wrote,  been  preserved,  there  would  have  been 
no  occasion  <o  reason  on  its  origin  or  its  author;  but  unfortunately  this,  as 
well  as  his  description  of  pneumatic  and  hydrostatic  engines,  "  concerning 
which  he  wrote  some  hooks,"  are  among  those  that  havo  perished. 

There  is  no  reason  to  believe  that  Archimedes  himself  ever  claimed  its 
invention ;  and  his  countryman  Diodorus,  who  lived  two  hundred  years 
after  him,  and  upon  whose  authorinr  chiefly  it  has  been  attributed  to  him, 
admits  that  it  waa  invented  by  him  m  Egypt ;  thus  allowing  it  to  have  been 
devised  in  that  country,  whence  the  Greeks  derived  all  or  nearly  all  that 
was  valuable  in  their  philosophy  and  their  arts.  Every  person  knows 
that  Egypt  was  the  grand  school  for  the  nations  of  old,  in  which  the  learn- 
ed men  of  other  countries  were  instructed  in  every  branch  of  philosophy— 
for  the  culttvadoa  of  which  the  Egyptians  were  celebrated  even  in  the 
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dnw  of  Moses— -lieiice  ic  frei^uently  happoned,  that  after  returning  to 
dieir  homes  isibutKl  with  the  *  wisdom  of  Egypt,'  philosophers  were  con- 
(idered  by  their  countrymen  as  the  authors  of  doctrines,  discoveries  and 
machines,  whioh  they  had  acquired  k  knowledge  of  as  pupils  abroad.  It 
it  not  therefore  impossible,  that  that  which  occurred  to  Tbales  and  Pyth- 
aj^ras,  Lycurgua  and  Solon,  Plato  and  many  others,  may  also  have  hap- 
pened  to  Archimedes  with  respect  to  this  machine.  It  has  been  supposed 
thai  the  screw  was  employed  in  Egypt  b^s  before  bo  viaitedthat  country; 
of  this,  however,  there  is  no  direct  proof;  perhaps  an  examination  of  the 
8  of  sculptures  in  the  temples,  and  tombs  of  Thebes  and  Bent- 


Haasan,  Sk.  may  yet  bring  to  light  facts  illustrative  of  the  use  of  this  and 
Other  machines  for  the  same  purpose  in  very  remote  times.  Its  ancient 
name  of  Egi/ptiatt  screw  indicates  its  origin.  ■ 

The  silence  of  Vitruvius  respecting  its  origin,  if  Archimedes  was  the 
inventor,  ia  singular ;  for  through  the  whole  of  his  work  he  appears  stn- 
dious  to  record  the  nsmea  of  inventors.  He  was  contemporaiy  with 
Diodorns,  and  had  therefore  eqnal  opportunities  of  ascertaining  its  history, 
while  from  his  profession,  and  the  nature  of  his  work,  a  more  perfect  ac- 
count of  it  would  be  expected  from  him  than  from  the  other.  The 
Roman  architect  had  indeed  every  inducement,  (except  such  as  were  un- 
worthy of  him,)  to  record  the  name  of  the  Prince  of  Ancient  Hathemati- 
cians  as  its  author,  if  such  he  knew  him  to  be.  The  reputation  of  Ar- 
chimedes; his  s^endid  discoveries;  his  famous  defence  oi  his  native  city ; 
hie  melancholy  death  ;  the  interest  which  Marcellus  took  in  his  fate ;  the 
erection  of  his  tomb  by  that  General ;  and  iu  discovery  by  Cicero  amidst 
thorns  and  rubbish,  one  hundred  and  forty  years  after  his  tieaih,  and  in  the 
lifetime  of  Vitrnvius — induce  us  to  believe  that,  aa  a  candid  philosopher 
and  admirer  of  learned  men,  and  of  Archimedes  himself,  (B.  i.  Chap.  1.) 
he  would  certainly  have  awarded  to  the  latter  the  honor  of  its  invention, 
if  be  believed  him  entitled  to  it,  either  irom  the  testimony  of  ancient  wri- 
ters, or  from  trwlitiDnal  report. 

But  if  thia  machine  was  not  invented  by  him,  to  whom  then  is  the 
■world  indebted  for  it!  We  reply — if  it  really  be  not  more  ancient  than 
the  Ptolemaic  era — to  a  Greiuan  philosopher  of  Samoa,  who  was  contem- 
porary with  Archimedes.  Some  readers  will  recollect  that  when  Pioleniy 
Avergetes,  the  son  and  successor  of  PhiWelpbus,  departed  on  a  dangerous 
expedition,  the  success  of  which,  according  U>  Rnllin,  was  foretold  b^ 
Daniel,  (xi,  7,  9,)  his  wife  Bekenicb,  influenced  by  a  principle  of  supersti- 
tion, that  at  one  time  was  universal,  vowed  to  sacrifice  her  greatest  orna- 
ment, the  hair  <^  her  head,  to  the  Goddess  Venus,  if  he  was  successful 
and  restored  to  her  in  safety.  Upon  his  victorious  return,  she  cut  off  her 
locks  and  dedicated  them  in  that  temple  which  Philadelphus  had  founded 
in  honor  of  her  mother  Arsinoe ;  the  dome  of  which  temple  was  intend- 
ed to  have  been  lined  whh  loadstone,  that  the  iron  statue  of  Araini>e  might 
be  suspended  in  tbe  air;  but  the  death  both  of  Dioocrates  the  architect, 
and  Philadelphus,  prevented  the  completion  of  a  building  that  would  have 
rivalled  the  most  perfect  of  all  human  prodtictions ;  a  work,  which  proba* 
bly  gave  rise  to  tbe  story  of  the  suspension  of  Mahomet's  coffin.* 

■  lliMt  metallic  mbitancu  have  been  oclnalljr  ninpended  witfaont  inj  tangible  mpport 
appears  from  Foneet,  to  whose  Iraveli  in  AbyHinia  we  referred  in  Ihe  Isit  chipler.  He 
dec^res  Ihat  he  beheld  in  *  motmttij  in  that  coonu^,  a  golden  BufT  aboal  Tour  feet 
long,  thus  nupended  in  tbe  sir  i  ind  to  deteel  anj  deccpljon  he  desiied  perniistion  to 
examine  it  closely,  to  aacertain  whether  there  wu  not  lome  inriaihle  prop  or  inpport 
"'D)  takeaway  all  doubt  (he  saVB)  loaned  my  cane  over  it  and  under  it,  and  on  all 
aide*,andftiandtbatlliiaataffof  pMdki  tra^hanKofitnlf  inibeair."  £d.  Eucyc. 
Vol.  xUi,  p.  4a.  . 
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SometioM  •Aerwirds,  this  conaecnted  hur  was  nttMing'  from  the  ten)' 

Slfl,  having  been  loet  through  the  negligence  of  the  ptieata,  or  perhaps 
esJgnedly  concealed.  No  occurrence  was  more  likely  to. create  alurm 
«mong  a  •uperatitious  people,  or  to  exciie  the  ire  of  a  deapoiio  monarch, 
than  luch  an  insult  to  their  Gods,  and  to  hia  favorite  queen.  In  this  di- 
lemma, an  astronomer  of  Alexandria,  in  order  to  make  his  court  to  £ver- 
geces,  had  the  eiTrontery  to  give  out  publicly  that  Jupitex  had  carried  off 
Uie  locka  of  Berenice  to  heaven,  and  oad  formnd  them  Inta  a  constellation  ! 
Aikd  as  a  proof  of  his  assertion  he  pointed  to  an  unformed  cluster  of  stars 
near  the  tail  of  Leo,  as  Berenice's  hair  !  And  '  Coma  Berenieet'  is  the 
name  hy  which  these  stars  are  known  to  this  day. 

It  was  thii  artful  courtier  and  astronomer  who  eidier  invented  or  re-in* 
vented  the  screw.  He  was  named  Conon  of  Samot,  and  aometimes 
Conon  of  AJeaxmdria,  from  his  residence  in  Egypt.  He  was  an  intimate 
fiiend  of,  and  greatly  eiieemed  by  Archimedes ;  and  it.  would  seem  that 
diey  communicated  their  writings  and  discoveries  to  each  other.  When 
the  former  devised  this  machine,  Archimedes  we  ere  told  demoiutrated 
iuuljkliy  txplavied  iit  prvpertiet ;  for  Conon  himself  was  not  fortunate  in 
his  demonstrations.  (Bayle.)  From  this  circumstance  the  name  of  its  is- 
ventor  was  in  time  forgotten,  and  it  eventually  became  known  as  the  Ar- 
ehintedia*  screw ;  but  probably  not  till  long  after  the  death,  both  of  its 
author  and  illusttator. 

Similar  instances  are  not  unoommon  in  modem  times ;  they  have  in  fact, 
always  occurred.  Thus,  the  instrument  known  as  Hadley's  Quadrant  waa 
really  invented  by  Godfrey  of  Philadelphia.  The  compass  was  known 
before  Flavio  Gioia,  although  the  Flair  de  hit,  by  which  be  dengnated 
tke  north  in  compliment  to  his  aovereirn,  is  used  to  this  day.  Gunpowder 
was  used  agea  before  Schwartz  was  bom— and  these  eoniinenis  bear  the 
name  of  Vespucci,  iMrt  that  of  Columbus  or  Behaim. 

As  Conon  died  before  Archimedes,  (see  Bayle)  and  probably  in  Egypt, 
it  is  very  possible  (supposing  it  originated  with  the  former]  that  it  waa 
first  tMtrodnetd  into  Ewvpt  by  the  latter ;  a  circumstance  quite  suffiei«nt 
to  connect  his  name  permanently  with  it  there.  Atbeneus  mentions  par- 
ticularly its  application  by  him  to  raise  water  from  the  hold  of  the  ship, 
ivhich  was  built  under  his  directions  for  Hiero ;  and  if  an  observation  of 
the  same  author  can  be  relied  on,  it  is  evident  that  he  was  the  first  to 
make  it  known  to  Grtrtan  mariners ;  for  he  asserts,  that  they  held  his 
memory  in  great  estimation,  for  having  enabled  tbem  to  cany  off  the  wa- 
ter from  the  holds  of  their  vessels  by  it. 

It  is  greatly  to  be  renetied  that  men  of  science  should  ever  be  fbnad 
among  tne  flatterers  of  despots  ;  yet  the  obsequiousness  of  Conon  has  been 
imitated  in  modem  as  in  ancient  times.  Custom  may  yet,  in  some  degree 
sanction  or  rather  screen  the  practice  from  reproach ;  bat  tbe  period  is, 
we  believe,  rapidly  approaching  when  it  will  be  subjected  to  general  de- 
rision, as  not  only  injurious  to  Uie  reputation  of  scientific  men  themselves, 
but  to  science  and  the  world  at  larra.  Our  sentiments  on  this  subjeqt  may 
be  reprobated  by  some  persons,  ana  approved  of  by  few,-— still  we  believe 
they  are  such  as  conduce  to  the  general  welfare  of  onV  race,  and  snch  as  will 
onedayuniversallyprevail,andbeIieving  this,  we  express  them  without  he- 
sitation— oibers  may  condemn  them  as  out  of  place  here,  but  in  our  opinion 
the  evils  they  deprecate  wiU  not  be  removed  until  they  are  generally  de- 
nonnced  in  works  devoted  to  the  arts.  Nay,  we  would  introduce  such 
sentiments  into  school  books,  that  children  may  not  be  taught  to  worship  a 
man  on  acoount  of  bis  titles,  bat  to  levere  virtue  and  aomire  w^  ciilli> 
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wted  talents  wherever  tbey  are  found.  '  We  might  u  well  (saya  Seneca) 
commend  a.  horse  for  his  splendid  tr&ppiDg*,  as  a  man  for  hia  poinpoiui  ad- 
Let  any  unsophisticated  mind  peruM  the  dedications  of  EnropeaD  works, 
in  aimost  all  departmants  of  science,  for  the  last  two  centuries,  and  Iw 
will  find  every  allribtiU  of  the  Deiiy  blaaphemously  lavished  on  the  tHeat 
of  princes,  and  on  tilled  dolts,  with  a  degree  of  ardor  and  apparent  sin- 
cerity, that  is  Bs  loathsome  as  the  grossest  practice*  of  heathen  idolatiy.  At 
the  same  time,  these  individuals  who  thus  idolize,  sometimes  an  idiot,  at 
others  an  infant,  and  oflen  a  brute,  alfect  pity  for  [he  ignorance  and  super* 
stition  of  ancient  pagans  and  modern  ravages. 

But  why  this  display  of  servile  adulation  I  Formerly  to  obtain  hread  : 
in  later  times  to  procure  title,  hereditary  title. 

If  there  is  one  class  of  men,  whose  extensive  knowledge  of  nature, 
and  the  sublimity  of  whose  studies  should  lead  them  thoroughly  to  des- 
pise the  tinsel  and  trappings  of  courts,  and  the  unnatural,  and  to  the 
great  mass,  degrading  distinctions  in  European  society,  it  is  astronomers ; 
men  whose  researches  are  preeminently  calculated  to  ennoble  the  mind, 
whose  labors  have  elicited  the  highest  admiration  of  their  talents,  and 
whose  discoveries  have  opened  sources  of  intellectual  pleasures  so  refined, 
that  pure  iatelligencca  might  rejoice  in  them.  That  such  men  should  stoop 
to  lay  at  the  feet  of  ignorant  and  sensual  despots,  their  fame,  their  learning, 
and  in  some  degree  the  science  of  which  they  are  the  conservators,  and 
accept  from  those,  who  are  immeasurably  their  inferiors,  what  are  prepos- 
terously named  titles  of  honor,  i.  e.  puerile  and  artificial  distinction*, 
which,  while  they  profess  to  advatttx  those  who  aro  already  in  .the  fore- 
most ranks  of  society — -jeally  tower  and  degrade  them — titles,  relics  of 
dmes  when  men  were  advanced  but  a  few  steps  from  the  savage  state,  and 
conferred  by  ceremonies  which  are  the  very  essence  of  buffoonery, — a 
truly  one  oi  the  most  lamentable  facts  connected  with  the  history  of  mo- 

Leamed  men  by  thus  connecdng  themselves  with  the  state,  coiuummate 
an  unholy,  an  unnatural  alliance,  and  subject  even  science  herself  (al- 
though  they  may  not  intend  it)  to  politicians  to  speculate  on.  They  in  a 
measure,  commit  suicide  on  their  fame,  by  thus  supporting  political  insti- 
tutions, that  can  only  exist  by  silencing  the  throbbings  and  stiBing  the  aspi- 
rationa  of  the  general  mind  aAer  knowledge ;  institutions,  which,  like  ue 
old  errors  in  philosophy,  are  destined  to  be  exploded  forever.  It  will,  we 
think,  one  day  appear  strangely  incongruous,  that  some  of  the  brightest 
luminaries  of  science  should  have  turned  to  royal  despots  for  factitious  rank; 
as  if  they,  in  whose  fair  fame  the  world  feels  an  interest,  could  descend  from 
(heir  radiant  spheres  to  move  as  satellites  around  such,  with  an  inertiue 
of  lustre  !  Who  can  behold  without  sorrow,  these  men  rendering  homage 
by  kneeling  and  other  more  disgusting  mummeries,  to  individuals  who  are 
not  only  their  inferiors  in  every  attiibute  that  adorns  humanity,  but  often  the 
most  atrocious  of  criminals,  and  sometimes  mere  insensates;  to  beg  a  por- 
tion of  honor,  and  a  tide  to  use  it !  When  the  world  becomes  free  and 
enli^tened,  such  eicamples  will  be  adduced  as  illustrations  of  the  vaga- 
ries and  inconsistencieli  of  the  human  mind ;  and  patents  of  nobility  ami 
hereditary  tides  of  honor,  especially  from  such  sources,  will  be  looked 
upon  as  satires  on  science,  on  the  a^,  and  on  the  intellect  of  man. 

These  titles  form  the  most  conspicuous  feature  in  that  system  of  impo- 
fition  by  which  the  European  world  has  too  long  been  deluded  and  de- 
based ;  and  in  a  political  point  of  view,  the  friends  of  man's  inalienable 
lights,  and  of  the  amelioration  of  hia  condition,  will  always  regret,  that 
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wuenCiRG  men  iliould  have  lent  their  example,  to  sustain  diitinctiona  that 
are  a  curae  to  the  world.  This  conduct  of  theirs,  perhaps  more  than  any 
other  cause,  tends  to  uphold  despotism  on  the  eartn.  Of  their  ioflaence  in 
this  respect,  modern  despots  are  fully  aware,  and  which  they  evince  by 
their  anxiety  to  enlist  in  uieir  train,  every  man  eminent  in  any  department 
of  the  arts  or  of  saiecce ;  and  many  of  these,  it  is  to  be  deplored,  they  too 
often  tickle  with  a  feather,  or  amtae  with  a  trinket;  while  uiey  put  a  bridle 
in  their  lips  and  yoke  them  to  their  oars. 

The  lust  liier  titles  and  distinctions,  incident  to  monarchical  govern- 
ments, is  in  the  political  and  moral  world,  what  the  scrofula,  or  '  king's 
evil'  is  in  the  physical :  It  destroys  the  healthy  and  natural  organization 
of  society,  taints  its  fairest  features  with  hereditary  disease,  and  renders 
the  whole  corrupt  The  wisdom  of  the  fathers  of  our  republic  was  not 
mora  conspicuous  than  their  virtue,  when  they  denounced  such  titles  and 
distinctions  as  forever  incompatible  with  the  constitution.  Sweep  tham 
from  the  earth  and  man  in  the  eastern  hBinisphere  would  become  a  regene- 
rated being.  Nations  would  no  longer  be  kept  in  commotion  and  dread, 
nor  their  resources  be  consumed  hy  political  and  military  gladiators  ;  nor 
would  the  abominable  boost  of  one  people  in  conquering  ajid  plunderiasr 
another  be  deemed  creditable  ;  but  when  peace  and  virtue,  science  and 
the  arts,  would  alone  confer  honor,  and  theur  most  distinguished  cultivator! 
be  deemed  the  most  noble. 

Plato  was  no  worshipper  of  Dionyvus,  nor  Solon  of  Crteans  i  and 
when  the  talented  but  unprincipled  Archelaus  of  Macedon,  drew  numer- 
ous ubilosophers  around  him,  by  his  wealth  and  the  honors  be  conferred 
on  them,  Socrates  refused  even  to  visit  him  as  long,  said  he,  aa  bread. 
was  cheap  and  water  plenty  at  Athens. 

Although  the  ancient  world  confirmed  the  name  ^ven  to  one  of  tk«' 
constellations  by  Conon,  the  modern  one  refnsed  uj  sanction  a  similar  afr 
tempt  to  designate  the  remotest  planet  in  our  system,  after  the  name  of  k' 
king  who  was  remarkable  forhia  lack  of  inteUigence — a  bigot — and  who,  t* 
preserve  his  prerogative,  shed  blood  aa  water.  Yet  to  that  man,  and  t» 
nis  son  and  succesiior,  who,  if  he  possessed  more  intelligence  than  the  par 
rent,  was  tlie  grossest  sensualist  of  the  age,  and  contact  with  whom  waa 
pollution,  did  some  of  the  votaries  of  acience  kneel  as  to  'tbe  podntainb 
OF  honor!'  and  to  receives  portion  of  it  at  their  hands!  white  a«n* 
ehanjc,  to  whose  glory  it  will  ever  be  mentioned,  could  duty  appreciate 
tbe  offered  bauble  and  reject  it,  if  not  with  disdain.  Jamea  Wat^  the  mar 
diematicai  instrument  maker  of  Glasgow,  the  great  improver  of  ibe  staatn- 
engine,  who  conferred  more  benefits  on  his  country  than  all  the  monarchs 
that  ever  ruled  over  it,  and  all  the  statesmen  and  warriors  which  it  ever 
prod ucet^re fused  a  title.  And  who  ever  regretted  that  Mnlton.wasiMt 
a  knight,  or  Shakespeare  a  marquis,  or  Franklin  a  lord  ;  or  that  some  of 
the  greatest  poets  and  philosophers,  philanthropists  and  roedMnicians,  that 
ever  lived,  are  known  te  us  simply  as  such,  without  having  had  their 
.  names  l>olBtered  up  with  preposterous  appendagesl  And  wlio  ever  sup- 
posed they  were  less  happy  without  them,  less  vigorous  and'  suocpssftil  in 
tlteir  researches ;  less  respected  by  contemporaries,  or  less  revered  by 
posterity  1 

Long  aller  these  remarks  were  written,  M.  Arago-'a  Memoir  of  Watt* 
reached  this  country,  and  on  perusing  it,  we  could  not  but  smile  at  the  dis- 
appointment expressed  by  the  great  French  philosopher,  that  his  frieiid< 
was  not  made  upeer.  "When  I  inquired  into  the  cause  of  this  neglec^. 
£he  observes,]  what  think  yon  was  the  response  t  Those  dignities,  of 
which  you  speak,  I  was  told,  are  reserved  for  naval  and  military  officera  ; 
19 


.,g\c 


for  inflaentisl  members  of  the  Hoiue  of  Comnioiu,  and  for  niemben  of  (be 
■riaUMracy.  '£  t*  not  the  outom'  and  I  quote  the  Terj  phntae,  to  giwit 
tiie*a  honors  to  acientific  atid  literary  men,  to  anisU  and  en^neers."  H« 
adds,  "so  much  for  the  warse  for  the  peerage."  Well  be  it  so.  In  our 
bumble  opinion,  it  is  so  much  the  better  for  the  memory  of  WatL  What 
bad  inch  a  inas  to  do  in  a  bouse  that  presses  like  an  incubus  on  the  eser- 
^cs  of  bin  country,  and  ths  claims  to  a  seat  in  which,  are  too  often  sucb 
u  are  disgraceful  to  our  common  nature!  An  infinitely  higher  booor 
■waits  him;  for  both  Watt  and  his  illustrious  eulogist  are  destined  to  oc- 
cnpy<  distinguiabed  stations  in  that  Pantheon,  which  is  yet  to-  be  erected, 
whose  doors  will  be  opened  only  to  the  BENEFACTOBS  OF  MAN- 
KIND. 

There  ere  several  interesting  pardculan  mentioned  by  Athamns,  raspeet- 
mgihemagnilloent  shin  named  the  'Syraouinn,'  which  was  built  under  the 
direotiotw  of  Archimedes,  and  to  Tvhicb  we  have  alluded.  From  the  fbUow 
ing  brief  dncription,  it  will  be  perceived,  that  for  richness  of  decoration ; 
rml  oonvenienciea  and  luxuries,  (for  even  that  of  a  library  was  not  over- 
looked,) she  rivalled,  if  she  did  not  excel,  our  Justly  admired  packets  and 
•team  ships. 

Three  hundred  carpenters  were  employed  in  building  diis  vessel,  which 
vas  completed  in  one  year.  The  timber  for  tbe  planks  and  rita  were 
obtained  partly  from  Mount  Etna,  and  partly  from  Imly  ;  other  materials 
fram'8pam,  and  bemp  for  cordage  from  the  vicinity  ofthe  Rhone.  She 
iras  every  where  secured  with  lai^  copper  nails,  [bolts]  each  of  which 
weighed  ten  pounds  and  apwarda.  At  equal  distances  all  round  the  ex- 
'terior  were  statues  of  Atlas,  nine  feet  in  height,  supporting  tbe  apper 
'decks  and  triglypbs;  besides  which  the  whole  outside  was  adorned  with 
-paiMian;  and  environed  with  ramparts  or  guards  of  iron,  to  prevent  an 
-enemy  mm  boardrng  her.  She  bad  three  masts;  for  two  of  theee,  ueea 
anftmently  large  were  obtained  without  much  dilRcnlty,  but  a  miitable  one 
for  the  maitmiaat,  wag  not  procured  for  some  time.  A  awins-herd  acci- 
dentally discoverod  one  growing  on  tbe  mountains  of  Brotria.  She  was 
lamiohed  by  a  few  hands,  by  means  of  a  helix,  or  screw  machine  invented 
by  Archimedes  for  the  purpose,  and  it  appears  that  she  was  sheathed  with 
meet  lead,*  Twelve  anchors  were  on  board,  four  of  which  were  of  wood, 
and  ei^t  of  iron.  -Grappling  irons  were  disposed  all  round,  which  by 
mean*  of  suitable  engines  could  be  thrown  into  enemies'  ships.  Upon 
each'sideof  this  vessel  were  six  btindred  young  men  fnlly  armed,  and  an 
equal  immber'on  the  masts  and  attending  the  engines  for  throwing  stones. 
Soldiers,  {modem  marines]  were  also  employed  on  board,  and  they  were 
eapplied  with  ammunition,  i.e.  stones  and  arrows,  'by  little  boys  that 
were  belsw,'  [the  powder  monkies  of  a  modem  man  of  war,]  who  sent 
them  np  m  baskets  by  means  of  pulleys.  She  bad  twenty  ranges  of  oars. 
Upon  a  rampart  was  an  engine  invented  by  Archimedes,  which  could 
(brow  arrows  and  stones  of  three  hundred  pounds,  to  the  distance  of  a 
Madinm,  [a  fiuiong]  besides  olberv  for  defence,  and  suspended  in  chains 
«f  brass. 

She  seems  to  have  been  what  is  now  called  '  a  three  decker,'  for  there 
w«re  'three  galleries  or  corridora,'  from  the  lowest  of  which,  the  tailoTS 
Weia  down  by  ladders  to  the  hold.  In  the  middle  one,  were  Uiir^  rooms, 
in  each  of  which  were  four  beds ;  tbe  floors  were  paved  widi  small  stones 
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of  difl«reot  colon,  (moMics)  reprfitenliog  Kenes  irom  Homer's  Uiad. 
TliH  doon,  wiodowa  and  ceilmn  wera  finished  with  '  woaderTal  art,'  awl 
«inbelliahed  with  every  kind  of  ornament.  The  kitchen  is  mentioned  aa 
on  this  deck  and  next  to  the  atem,  also  three  large  rooms  for  eating.  In 
the  third  gallery  were  lodgings  for  the  soldiers,  and  a  gymnadinra  or 
place  of  exercise.  There  were  also  gardens  in  this  vessel,  in  which 
various  plants  were  arranged  with  taste  ;  and  among  them  wnlks,  propor- 
tioned to  the  magnittide  of  the  ship,  and  shaded  by  arbors  of  ivy  and 
Tines,  whose  roots  wero  in  large  vessels  filled  with  eartb.  Adjacent  to 
these  was  a  room,  named  the  '  apartment  of  Venus,'  the  fioor  of  which 
was  paved  with  agate  and  other  precious  stones :  the  walls,  roof  and 
windows  were  of  cypress  wood,  and  adorned  with  vases,  statues,  paio^ 
ings,  and  inlaid  witn  ivory.  Another  room,  the  udes  and  windows  of 
which  were  of  box  wood,  contained  a  library  ;  the  ceilings  represented 
the  heavens,  and  on  the  top  or  outmde  was  a  sun  dial.  Another  apart- 
ment was  fitted  ap  for  bathing.  The  water  was  healed  in  three  large 
copper  cauldrons,  and  the  bathing  vessel  was  made  of  a  single  stone  of 
variegated  colors.  It  contiuned  sixty  gallons.  There  were  also  ten  stft- 
bles  placed  on  both  sides  of  the  vessel,  together  with  straw  and  com  for  the 
horscB,  Bi:d  conveniences  for  the  horsemen  and  their  servants.  At  certain 
distances,  pieces  of  dmber  projected,  upon  which  were  piles  of  woo^ 
ovens,  mills,  and  other  contrivances  for  the  services  of  life. 

At  the  ship's  head  was  a  large  reservoir  of  fresh  water,  formed  of  plaok 


and  pitched.  Near  It  was  a  conservatory  for  fish,  lined  with  sheet  lead, 
and  coDtuning  salt  water;  although  the  well  or  bold  was  extremely 
deep,  one  man,  Atheneus  says,  could  pump  out  all  the  water  that  leaked 
into  her,  by  a  screw  pump  which  Archimedes  adapted  to  that  purpose. 
There  were  probably  other  hydraulic  machines  on  Doard,  for  the  plants, 
bathing  apparatus,  and  kitchen,  &c.  The  upper  decks  were  supplied 
with  water  by  pipet  of  earthenware  and  of  lead ;  the  latter,  most  lik^ 
ly,  extending  from  pumps  or  other  engines  that  rwsed  the  liquid ;  Jbr  there 
is  reason  to  believe  that  machines  analc^Da  to  forcing  pumps  were  at 
that  time  known. 

The  '  Syracuaan'  was  Wen  with  corn  and  sent  as  a  present  to  the 
King  of  Egypt,  upon  which  her  name  was  changed  to  that  of  the  '  Alex- 
andna.'  Magnificent  aa  this  vessel  was,  she  appears  to  have  been  sur- 
passed by  one  suhsenuently  built  by  Ptolemy  Philopater;  a  descriptioB 
of  which  la  given  by  Montlaucon,  in  the  fourth  volume  of  his  antiqnitiai. 

For  the  Spiral  Pump  of  Wirte,  see  the  end  of  the  3d  Book. 
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CHAPTER    XVII. 

■  Crur  Puxr— Nm  MBiioiwI  hj  VI 
iBBM  pump— N«  uad  by  Ik*  Biai! 

'lliliaa  af  Lht  ChJlWH  Pusp  ud  I^  rulaii  iboiIh  uf  propalUnf  iL— Ctwiii  Pui 
maiiir  Piia|i>~Ckilii  Pmap  of  BMW    Old  Fitiick  Pbbp  rru  B<Ud« — Sapanoillr  of  thiClil- 
PiBp— Ci/Tlsd  l>T  Ike  SpuUnb  ud  Dilch  u>  thair  Atluic  poMriBBi— ■»■  modii  at  ■•kii]( 
alBf  ii^Wasd*n  Chaiu— Chila  Pu^  U  Brlliik  lUpi  of  oar— Diiapkir^Modni  InprDTcnmnb 
'•  Flap  ud  uperluBnt—NatiH  «f  Ckiia  Puppi  In 
■•BUp  ladspt*daiK>*-CUiu 
iiariik— Bicaiill)'  iBlcaduead  lain  e(Tpl— UihI  h 
Walat  WhKli— PKnUu-  Aaliin  is  ChlseM  Mr  buUdlsf— lu  advuUfaa. 

The  chain  pump,  aJthough  not  described  by  Vltruviiu,  U  introduced  at 
tbiE  place,  because  it  teems  to  be  the  connecting  link,  between  the  chain  of 

Eots  and  the  machine  of  CteBibius.  Some  writers  suppose  it  to  be  derived 
'om  the  former  ;  nor  1b  the  supposition  improbable.  Numerous  local  cir- 
cumstances would  fretjuentlj  prevent  the  chain  of  pots  from  being  used 
in  a  vertical  position,  and  when  its  direction  deviated  considerably  from 
the  perpendicular,  some  mode  of  protecting  the  loaded  vessels  while  as- 
cending rugged  1)anks,  &c.  became  necessary.  An  open  trough  or  wood- 
en gutter  through  which  tliey  might  glide,  was  a.  simple  and  obvious  de- 
vice, and  one  thai  would  occur  to  most  people ;  but  such  B  contrivance 
could  not  have  been  long  in  use  before  the  idea  must  have  been  suggestedf 
that  pieces  of  plank  or  any  solid  substance  which  wonld  occupy  the  entire 
width  of  the  gutter,  might  be  substituted  for  the  pota,  since  they  would 
obviously  answer  the  same  purpose  by  pushing  the  water  before  them 
when  drawn  up  by  the  chain.  If  this  was  the  process  by  which  the  transi- 
tion of  the  chain  of  pots  into  the  chain  pump  was  effected,  there  can  be 
little  doubt,  that  old  engineers  soon  perceived  the  advantages  of  covering 
the  top  of  the  gntter,  and  converting  it  into  a  tube  ;  as  the  machine  could 
then  be  used  with  equal  facility,  in  a  perpendicular,  as  in  any  other 
position. 

It  may  be  deemed  of  little  consequence  to  ascertain  the  circumstances 
which  led  to  the  invention  of  the  chain  pump ;  yet  a  knowledge  of  the 
period  tchtn  this  took  place  would  be  of  more  than  usual  iuterest,  on  ac- 
count of  the  analogy  between  it  and  the  ordinary  pump,  and  of  the  rela- 
tionship that  appears  to  exist  between  them.  Tne  introduction  of  a  lube 
throuen  which  water  is  raised  by  pallets  or  pistons,  is  so  obvions  an  ap- 

EroacQ  to  the  latter,  that  it  becomes  desirvble  to  ascertain  which  of  them 
ears  the  relation  of  parent  to  the  other,  or  which  of  them  preceded  die 
Other.  But  to  what  ancient  people  are  we  to  look  for  its  authors  T  Not 
to  the  Hindoos,  or  the  Egyptians,  for  it  is  incredible  that  either  of  these 
people  should  have  lost  it,  if  it  was  ever  in  their  possession.  Its  cheap 
and  simple  construction — its  efEciency  and  extensive  application,  would 
certainly  have  induced  them  to  retain  it  in  preference  to  others  of  less 
value.  Nor  does  it  appear  to  have  been  known  to  the  Greeks  ;  for  their 
navigators  would  never  have  employed  the  screw  as  a  ship  pump,  (as 
Atheneus  says  they  did,)  if  they  had  been  acquainted  with  this  machine. 
Of  all  hydraulic  tube  machines,  the  screw  seems  the  most  unsuitable 
ibr  such  a  purpose.  It  requires  to  be  inclined  at  an  angle  that  is  not  only 
tnconTflnieot  but  generally  unattainable  in  ships.     But  if  the  Greeks  had 
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the  chain  pump,  the  Romftna  would  have  received  it  from  them;  whereas, 
from  the  ailence  of  VitruviuB,  it  is  clear  that  his  countrymen  were  not  ac- 
(juainted  with  iL  Aa  an  engineer,  he  would  have  been  sensible  of  its 
value,  and  would  have  preferred  it  in  many  cases,  in  raising  water  from 
coffer-Jama,  docks,  dec.  to  the  tympanum  and  tioria,  which  he  informs  us 
were  employed  in  such  cases."  Arch.  Book  v.  Cap.  12.  Moreover,  if  it 
was  employed  by  the  Itomans,  it  would  have  been  preserved  in  use,  as 
well  as  other  machines  fur  the  same  purpose,  either  in  Europe  or  in 
their  Afncan  or  Asiatic  possessions ;  but  we  have  no  proof  of  its  use  at 
all  in  any  of  the  latter,  nor  yet  in  the'  former,  till  comparatively  modem 

But  if  the  ongiD  and  improvement  of  the  chain  pump  is  due  to  one 
nation  more  than  another,  to  whom  are  we  indebted  for  itl  To  a  people 
as  distinguished  for  their  ingenuity  and  the  originality  of  their  invontions, 
as  for  iheir  antiquity  and  the  peculiarity  of  maiw  of  their  customs  ;  and 
who  by  their  system  of  excluding  all  foreigners  from  entering  the  country 
have  long  concealed  from  the  rest  of  the  world  many  primitive  contrivan- 
ces, viz.  the  Chinese.  This  singular  people  appear  to  have  had  little 
or  no  communication  with  the  celebrated  nations  of  antiquity,  a  cir- 
cumstance to  which  their  ignorance  of  the  chain  pump  ma.y  he  attribut- 
ed. This  machine  has  been  used  in  China  from  time  immemorial,  and 
•s  connected  with  their  agriculture,  has  undergone  no  change  what- 
ever. The  great  requisites  in  their  husbandry  "  are  manure  and  wa- 
ter, and  to  obtain  these,  all  their  energies  are  devoted."  Of  such  im- 
portance is  this  instrument  to  irrigate  the  soil,  that  every  laborer  is  in 
possession  of  one ;  its  use  being  "  as  &miliar  as  that  kf  a  hoe  to  every 
Chinese  husbandman,"  "  an  imjHement  to  him  not  less  useful  than  a  spada 
to  an  European  peasant"  It  it  worthy  of  remark  too,  that  they  often  use 
it,  in  what  may  be  supposed  to  have  been  its  original  form,  viz.  as  an  open 
gutter ;  a  circumstance  which  serves  to  strengthen  the  opinion  of  its  origin 
and  great  antiquity  among  them.  Like  the  peculiarity  of  their  compass, 
which  with  them  points  to  the  south,  it  is  a  proof  of  their  not  having  received 
it  from  other  people.  "  The  Chinese  [observes  Staunton]  appear  indeed 
to  have  strong  claims  to  the  credit  of  having  been  indebted  only  to  them- 
selves for  the  invention  of  the  tools,  necessary  in  the  primary  and  neces- 
sary arts  of  life ;  these  have  something  peculiar  in  their  construction,  some 
dinerence,  otlen  indeed  slight ;  but  always  clearly  indicating  that,  whetlter 
better  or  worse  fitted  for  the  same  purposes  as  those  in  use  iu  other  coun- 
tries, the  one  did  not  serve  as  a  model  for  the  other. "^ 

But  the  general   form   of  chain  pumps   in   China  is   that  of  a  square 


tube  or  trunli  made  of  plank ;  and  of  various  dimensions  acceording  to 
the  power  employed  to  work  them.  Those  that  are  portable,  with  one 
of  which  every  peasant  is  furnished,  are  commonly  sis  or  seven  inches  in 
diameter,  and  from  eight  to  ten  feel  in  length.  Some  are  even  longpr,  for 
Van  Braam,  who  was  several  years  in  China,  and  who,  as  a  native  iif  Hol- 
land, wasaclose  observer  of  every  hydraulic  device,  when  speaking  of  them, 
remarks,  that  "  they  use  them  to  raise  water  to  the  height  of  ten  or  twelve 
feet;  a  single  man  works  this  machine,  and  even  carries  it  wherever  it  ia 
wanted,  as  I  have  had  occasion  to  remark  several  times  in  the  province  of 
Quangtoiig  near  Vampou."*  A  small  wheel  or  roller  is  attached  to  each 
end  of  the  trunk,  over  which  an  endless  chain  is  passed.     Pallets,  or 


■  It  ttu  preferred  by  tbe  architect  of  Black  Friars  Bridge,  LoodoD,  b 
from  the  CaiMoni. 
'  Embusy  lo  Chins.     I^n.  ITOS.    Voi.iii,  I03. 
•  EnbsM;  of  the  DoKb  E.  I.  0007*11;.    Lon.  1796.    Vol.  i,  75. 
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■quore  pieces  of  plank,  fitted  t<o  as  to  fill  (like  the  pistnn  of  a  common 
pump)  the  bore  of  the  tube,  are  secured  to  the  chain.  When  the  machine 
IS  to  Lie  used,  one  end  of  the  trunk  is  placed  in  the  water,  and  the  other 
rests  on  the  bank  over  which  it  is  to  Vte  raised.   The  upper  wheel  or  roller 

is  put  in  molionby  a  crank  applied  to  its  axle,  and  the  pallets  as  the^BscBod 
the  trunk,  push  the  water  that  enters  it  before  them,  till  it  is  discharged 
above.  In  machines  of  this  drscnption  one  half  of  the  chain  is  always 
outside  of  the  tube  and  exposed  to  view,  but  in  others  the  trunk  is  divided 
by  a  plank,  so  as  to  form  two  separate  tubes,  one  alwve  another,  and  hence 
the  chain  rises  in  the  lower  one  and  returns  down  the  upper.  These 
pumps  are  represented  as  exceedingly  effective,  delivering  a  volume  of 
water  equal  to  the  bore  of  the  trunk.  Whenever  a  breach  occurs  in  one 
of  their  canals,  or  repairs  are  to  be  made,  hundieds  of  the  neighboring 
peasants  are  summoiked  to  the  work,  and  in  a  few  hours  will  empty  a  large 
section  of  it  by  these  machines. 

When  a  pump  is  intended  to  raise  a  great  quantity  of  water  at  once,  it 
is  made  proportionahly  larger,  and  is  moved  by  a  very  simple  tread  wheel ; 
or  rather  by  a  aeries  of  wooden  arms  projecting  from  various  parts  of  a 
lengthened  axle,  which  imparts  motion  to  the  chain,  as  represented  in  th« 
figure. 


These  arms  are  shaped  like  the  letter  T,  and  the  upper  side  of  each  is 
made  smooth  for  the  foot  to  rest  on.  The  axle  turns  up>n  two  upright 
pieces  of  wood,  kept  steady  by  a  pole  stretched  across  them.  The  ma- 
chine being  fixed,  men  treading  upon  the  projecting  arms,  and  supporting 
themselves  upon  the  beam  across  the  uprights,  conimunicaio  a  rotary  mo- 
tion to  the  chain,  the  pallets  attached  to  which  draw  up  s  constant  and 
copious  stream  of  water.  Another  mode  of  working  them,  which  Staun- 
ton observed  only  at  Chu-san,  was  by  yoking  a  buffalo,  or  othtrr  animal,  to 
k  large  horizoDtal  cog  wheel,  working  into  a  verucal  one,  fixed  on  tha 
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■ama  riiaft  with  the  wheel  thu  impsrts  moliun  to  the  chaiDi-ma  re|>MRei)t- 
ed  in  fibres  49  and  64.*  The  descnption  of  this  macbine  by  Staunton  it 
■imilar  to  that  previously  given  hy  the  mission  a  ries,  and  ibey  enumerate  the 
Tariouf  modes  of  propelling  it  which  he  has  mentioned.^  But  NieuhoS^ 
with  the  charactenatic  sa^ucity  of  his  countrymen,  noticed  either  these,  or 
■oroe  other  machines  for  the  same  purpose,  propeUed  by  tdttd.  When 
speaking  of  the  populous  city  of  Caoyen,  mod  its  environs,  be  observes, 
"  they  boast  likewise  of  store  of  windmills,  whose  sails  are  madeof  mat«. 
The  great  product  of   the  country   consists  of  rice,   which   the   peasant 


nands  obliged  to  look  after  very  narrowly,  lest  it  perish  upon  the  ^ 
by  too  much  moisture,  or  Too  much  heat  and  droughL  The  windmills, 
therefore,  are  to  draw  out  the  water  in  a  moist  season,  and  to  let  it  in  as 
they  think  Ut"  That  part  of  the  country,  he  continues,  is  "  full  of  such 
milu."  Several  of  them  are  represented  in  a  plate,  but  without  showing 
thepumps  moved  by  them.' 

These  were  y^t^  likely  to  elicit  the  noQce  of  a  Dutchman;  for  draining 
mills,  worked  by  horses  and  wind,  have  been  used  in  Holland  aince  the 
14th  century.  They  consisted  however  principally  of  the  noria  and 
chain  of  pots. 

It  is  uncertain  v^ien  the  chain  pump  waa  first  employed  in  Eun^ ; 
whether  it  was  made  known  by  Marco  Paulo,  Ibn  Batuta,  or  sabsequent 
traveler*  in  China,  or  waa  previously  developed  and  introduced  into  use, 
independendy  of  any  information  from  abroaa.  An  imperfect  machine  is 
described  by  several  old  authors.  This  was  a  common  pump  log,  or 
wooden  cylinder  placed  perpendicularly  in  swell;  its  upper  end  reach* 
ing  abiive  the  level  to  which  the  water  was  to  be  raised,  and  having  a 
lateral  spout,  as  in  ordinary  pumps,  for  the  discharge.  A  pulley  was  se- 
cured to  one  side  of  the  tog  near  the  lower  oriiice,  and  a  drum  or  wheel 
above  the  upper  one.  One  end  of  a  rope  was  let  down  the  cylinder,  and 
after  being  passed  over  the  pulley  was  drawn  up  on  the  outside,  and  both 
ends  were  then  spliced  or  anited  over  the  drum.  To  this  rope,  a  number 
of  leathern  bags  or  staffed  ghibnlar  cusfaiona  were  secured  ax.  regular  dis- 
tances.  The  diameter  <^  each  was  equal  to  the  bore  of  the  cylinder.  Ribc 
were  nailed  across  the  periphery  of  the  drum,  and  between  these,  the 
cushions  were  so  arranged  as  to  fell,  in  order  to  prevent  the  rope  from 
sUpping.  When  the  drum  was  put  in  motion,  the  cushions  entered  in  suc- 
cession the  lower  orifice  of  the  pump,  (which  was  twosor  three  feet  below 
the  surface  of  the  water,)  and  pushed  up  the  liquid  before  them,  tilt  it  es- 
caped through  the  spouL 

Machines  of  this  descripboti  wetv  formerly  employed  in  mines ;  chains 
of  iron  being  subatitated  fur  the  rapes,  and  Bametimes  globes  of  metal  in 
place  of  the  cushions.  The  latter  are  figured  hy  Rireher  in  his  Mundoi 
Snbierraneua,  Tom.  ii,  194.  Among  the  earliest  of  modem  authors 
who  have  deacribed  these  pumpa  is  Agncola.  He  has  given  Rve  difler- 
ent  figures  of  them,  but  they  differ  merely  in  the  apparatAa  for  working 
them,  according  to  the  power  employed,  whetberof  men,  animals,  or  water. 
The  following  cur,  No.  65  is  from  his  '  Ds  Re  Metallica.'  It  exhibits  two 
separate  views  of  the  lower  end  of  the  pump,  showing  the  mode  of  attach- 
ing the  polley,  and  the  passage  of  the  rope  and  cushions  over  it.  From  the 
resemblance  of  the  chains  or  ropes  and  cushions,  to  the  rotary,  or  string 
of  beads  on  which  Roman  eadiolica  connt  their  prayers,  these  machines 

■Sluunon.  VoL  iii.  315.    » Dohalde'a  China,  Paris,  1735.  Tom.  ii.  6S,  «T. 
•O^lvy'i  Trandation.  Loa.  1S73,  pp.  34,  86— and  Hiatoire  Ginirala.  Ant«.l^— 
1749.    •lioi.viii,61,88.  "■»'»"'  "-^ 


,Coo»^lc 


ins  CJiam  Ptm^Jnm  Jgrieola..  [Book  L 

beeune  known  u  '  PaUntoiter  pump*.'     For  the  Mine  reuon  they  ara 
named  ChapHet  hy  the  French,  in  comnion  with  the  chain  of  pots. 


No-ai    Cluls  Piiup  rm  AfrieolL 

The  next  author  who  describes  these  pumps,  that  hs*  fallen  in  our  way, 
IS  BetKm.  Plate  50,  of  hia  '  Theatre  Dea  Instnimens,'  is  a  TepreientatioD 
of  a  double  one.  Two  cylinders  are  placed  parallel  to  each  other,  to  that 
the  chain  passes  through  both.  It  is  shown  as  worked  by  toind.  A  ver- 
tical shaft  with  sails  is  secured  under  the  dome  of  &n  open  tower ;  a  cog 
wheel  on  the  lower  end  of  the  shaft  turns  a  trundle  or  pinion  which  \»  fix- 
ed on  the  horizontal  axle  of  the  drum,  that  carries  the  chain.  Thus,  when 
the  wind  turned  the  sails,  water  was  raised  through  one  of  the  cylinders, 
and  when  their  motion  was  reversed  by  change  of  the  wind,  the  liquid  wa* 
elevated  in  the  other.  Instead  of  stuffed  cushions,  as  in  the  preceding 
figure,  pistons,  resembling  soTnewhat  those  of  fire  engines,  or  forcing 
pumps,  1.  e.  double  cupped  leathers  are  shown,  ('  Coquilia  fond  conlre 
Jimd.'J  the  earl iesttin stance  of  their  use  that  we  have  met  with.  Bcsaon, 
who  appears  to  claim  the  addition  of  the  second  cylinder  as  an  improve- 
ment of  his  own,  was  a  French  mathematician  and  mechanician,  and 
spent  a  gKM  part  of  his  life  in  mechanical  researches ;  in  the  prose- 
cution of  which  he  visited  foreign  countries.  His  *  Theatre*  contains 
such  devices  as  he  collected  abroad  as  well  as  those  invented  by  himself. 
It  was  published  at  Lyons,  with  commentaries,  after  his  decease,  by 
Beroald,  but  the  privilege  to  print  was  accorded  to  himself,  ten  years  pr»- 
vious  to  the  dlle  of  its  publication,  i.  e.  in  1568.* 

Kircher  also  figurea  Uie  chain  pump  with  two  cylindcFs.  The  imper- 
fect mechanism  and  enormous  fnction  of  these  old  machines 


their  application  to  a  limited  extent  in  Europe  during  the  16th  and  17th 
centunes.      Desaguliers  lef^  them   unnoUcea  ;  and   at  the   time    Su'itzer 


wrote  (1729)  they  had  been  discontinued  in  England.     "I   mli^ht  (he  ob- 
'lerves)  from  Bodder  and  others,  have  produced  almost  an  infinite  number 

■Bajle,  in  hia  diclJonuy.  iaya  Beroald  was  twenty^two  yeiirs  of  age  when  he  publUi- 
I  ed  "loiiie  commenlarUa  on  the  mechaiiioa  af  Jamea  Bomoii  ;  bm  iia  bad  bcbtco  triad 
'jiiarorlnno  Ibaiwty,  wtteuhe  ran  after  llw  philaopber'a  uoim." 
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of  drafu  of  engines,  whicli  are  placed  under  the  temu  Budramift  and 
Hydrotecfanema,  fto.  the  first  signifj'ing  the  methods  of  raising  water  by 
buckets :  and  the  other  by  globes  or  figures  of  any  regular  abape,  fixed 
to  a  rope,  which  rope  being  fastened  at  each  end,  and  passing  through  an 
elm  or  other  pipe,  which  reaches  from  the  bottom  of  a  well  to  the  height 
to  which  Uie  water  is  to  be  conveyed,  brings  up  the  water  with  it ;  but 
these  kind  of  engines  (raijf  vutt^date,  I  shall  pass  over  them."*  Belidor 
has  described  one  that  waa  used  in  the  ship  yards  and  docks  at  Marseilles, 
which  is  represented  in  No.  66.  The  ]ower  pulley  was  dispensed  with  ; 
and  the  face  of  the  pallats  or  pistons,  which  wer«  hemiapheres  of  wood, 
were  leathered.  It  was  woriwd  by  two  galley  slaves,  woo  were  relieved 
every  hour. 


NuOa.    Old  Pranch  Chain  Ptnp. 

Such  appears  to  have  beer 
in  Europe,  until  an  increasing 
troduction  of  the  machine  as  made  by  that  people.  The  credit  of  this 
is,  we  believe,  due  to  the  Dutch.  From  the  peculiar  location  of  Holland 
with  regard  to  the  sea,  hydraulic  engines  have  at  all  times  been  of  loo 
much  importance  to  escape  the  examination  of  her  intelligent  travelers. 
But  it  perhaps  will  be  said,  there  is  no  essential  or  very  obvious  distinction 
between  the  old  chain  pump  of  Europe  and  that  of  China :  admitting  this, 
•till  there  must  have  been  something  peculiar  either  in  the  constraction  or 
mode  of  working  the  latter,  to  have  produced  the  superior  results  ascrib- 
ed to  them ;  and  to  have  elicited  the  admiration  of  the  Jesuits  and  all  the 
early  travelers  in  China.  No  stronger  proof  of  their  superiority  need  be 
adduced,  than  the  feet  of  their  being  carried  in  the  ITth  century  from 
China  to  Manilla  by  the  Spaniard*,  and  to  Batavia  by  the  DtUck.^  Hence 
they  were  previously  unknown  in  those  parts  of  Asia,  as  much  so  as  in 
Holland  and  Spain.  Navarrette  mentions  them  with  great  praise  :  he 
thought  there  was  not  a  better  invention  in  the  world  to  draw  water  from 
wells  and  tanks.'  And  Gamelli  (in  1695)  describes  them  as  machines, 
which,  in  his  opinion,  Cbinew  ingenuity  alone  could  invent.'  Monlanus 
mentioned  them  as  novel.  He  describes  one  as  an  "  engine  made  of  four 
square  plank,  holding  great  store  of  water,  which  wilb  iron  chains,  they 

•H^dnMiatickf,  313.  ^HiMoireG(n6n)a,Toiii.Tiii,Bl.  'Ibid.  'Ib'id,Toiii.*li,Mr. 
80 
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h>]e  np  like  buckets."*  How  such  intelligent  men  tm  the  Jesnita  amloabt- 
ed\y  were,  could  use  iDch  language,  if  wo  eflectiTe  chain  pump  was  ifaen 
known  in  £un)pe,  it  ia  difficult  to  conceive. 

Although  the  Chineae  pump  haa  been  mentioned  by  all  traTclera,  no 
one  has  entered  aufBciently  into  details,  to  enable  a  menhanie  to  realize  the 
construolion  of  the  chain — mode  of  fixing  the  palleta — where  they  are 
Uimched  lo  it,  (at  the  centre,  or  on  one  aide,)— nor  how  they  are  car- 
ried over  the  wheels  or  rollera.  One  cause  of  the  superiority  of  these 
oriental  machinea  over  those  of  Europe,  was  the  Bmall  degree  of  fric- 
tion from  the  rubbing  of  the  pallets,  when  pasaing  through  the  trunk  ;  wood 
sliding  readily  over  Wood,  when  both  aro  wet ;  another  was  the  accuracy 
with  which  the  working  parts  were  made.  The  experience  of  ages,  and  the 
immenBO  number  of  workmen  constantly  employed  in  fabricating  tbem, 
through  every  part  of  the  empire,  had  brought  them  to  great  perfection;  but 
the  potUioH  in  which  they  are  worked,  also  contributed  la  increase  the  quan- 
tity of  water  raised  by  them,  for  except  in  parricular  locationa,  they  areal- 
tvays  inclined  to  the  horizon,  as  shown  in  No.  64.  Now  it  has  been  ascer- 
tained that  to  construct  and  use  a  chain  pump  to  the  best  advanta^,  the  dis- 
tance between  the  pallelsshould  be  equal  to  theirbreadth,Bnd  the  inclination 
of  the  trunk  about  S4°,  21'.  When  UiuB  arranged,  according  to  Belidor,  it 
produces  a  maximum  effect''  The  author  just  named  apeaks  of  one  at 
Strasburgh,  the  chun  of  which  was  made  of  wood,  which  being  light 
and  flexible,  was  very  efficient,  requiring  much  lesa  labor  to  work  it  than 
those  in  which  the  chains  were  iron.  Thia  leads  us  to  a  remark  which 
we  do  not  recollect  to  have  seen  in  any  English  work,  viz.  that  in  most 
if  not  in  all  the  Chinese  smaller  pumps,  the  chains  are  of  that  material. 
One  of  them  is  thus  described  by  tho  Jesuits  :  "  Une  machine  hydrauljque, 
dont  le  jeu  est  aussi  simple  que  la  composition,  Elle  eat  compos^e  iTtMe 
ehaine  de  bait,  ou  d'une  sorto  de  chapelet  de  petites  planches  quanta  de 
six  ou  sept  pouces,  qui  sont  comme  enfilee  parallelement  a  d'^gales  dis- 
tances.    Cette  cheine  passe  dans  un  tube  quarre,"  &c.* 

In  the  latter  part  of  the  ITlh  century,  chain  piimpa  were  used  id 
British  men-of-war.  In  Dampier's  Voyage  to  New  Holland  in  the  'Roe- 
buck,' a  national  vessel,  he  mentions  one.  This  ship  on  returning  home 
aprung  a  leak  near  the  Island  of  Ascension,  and  the  water  poured  in  so 
&st,  he  relates,  that  "  the  chain  pump  could  not  keep  her  free — I  aet  the 
handpitmp  to  work  also,  and  by  ten  o'clock,  sucked  bar — I  wore  the  ship 
and  put  her  bead  to  the  southward,  to  try  if  that  would  ease  her,  and  OD 
that  tack  the  chain  pump  just  kept  her  freo."  English  ships  of  «-ar  now 
carry  four  of  those  pumps,  and  three  common  ones,  all  fixed  in  the  aams 
well;  whereas  it  would  appear  from  Dampier,  that  they  had  formerly  hat 
one  of  each.  "  In  the  afternoon,  (ho  observes,)  mv  men  were  all  employed 
pumping  with  both  pumps."  Shortly  afterwarrja  tLe  ship  foundered.'  The 
vessels  of  Columbus  were  furnished  with  pumpa ;  and  so  were  thoae  of 
Hagalhanes ;  but  these  were  probably  the  common  instmments  referred  to 
above  as  '  hand  pump*.'" 

In  Dampier's  time  chain  pumpa  were  very  imperfect.  The  chain,  and 
the  wheel,  which  carried  it,  were  inaccnrately  and  badly  made ;  hence 
when  the  machine  was  worked,  the  former  waa  constantly  liable  to  slip 
over  the  latter;  and  the  consequent  violent  jerka,  from  the  great  wei^l 
of  the  water  on  the  pallets,  often  burst  the  chain  asunder,  and  tinder  cir- 

■  Atlas  Chinenais,  tnuulaled  by  Of  ilvy.    Lon,  1671.  page  Bla. 
*Arch.  Hydranliqae.  Tom.  i,  363.    °Hi*toira  G^nirala,  Tom.  vili,  BS,  and  Dnbalda, 
Tm.  ii,  6S.    '  Dampiet's  Vojvss,  Vol.  iii,  191,  IK). 
*lrvui|'s  Colamboa  Vol  ii,  137,  ud  Boraej's  Voytgat,  Vol.  i,  113. 
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enmstances  whicb  raD<lered  it  difficult  and  ft 
it  These  defecta,  which  in  Bome  cuet  led  t 
man  life,  at  lenph  excited  the  attention  of  European  mecbanica,  and  in 
(lie  following  century,  numeroua  pmjects  were  broug'ht  fbrward  to  im- 
prove the  chain  pump,  orto  lupRnede  it  In  1760,  Mr.  Abbot  invented* 
■hip  pump,  which  was  represented  aa  of  a  very  simple  constraction,  and 
which  threw  "  five  hundred  hog^iheads  of  water  in  a  minute  j  [!j  the 
handle  by  which  it  is  worked,  is  in  the  manner  of  a  common  wiocb, 
which  turns  with  the  utmost  facility  eidier  to  the  right  or  the  left.""  In  the 
following  year,  the  States  of  Holland  granted  to  M.  Liniere,  "utexclnsiTS 
privilege  for  twenty-five  years,  for  a  pump,  which  upon  trial  od  board  s 
Dutch  man-of-war,  and  in  the  presence  of  the  commissioDers  of  the  ad- 
miralty, being  worked  by  three  men,  raised  from  a  depth  of  twenty-two 
feet  four  tons  of  water  in  a  minute,  that  is,  840  tons  of  water  in  an  hour."^ 
In  1768,  Mr.  Cole  introduced  some  considerable  improvements  in  English 
ship  pumps.  An  experiment  made  in  that  year  is  very  interesting,  as  it 
■hows  the  imperfections  of  the  old  ones,  especially  the  enormous  amount 
oi  Jnetioit  to  which  they  were  subject  "  Lately,  a  chain  pump  on  a  nev 
construedon  was  tried  on  board  his  Majesty's  ship  Seiiford,  in  Bloek 
House  Hole,  which  gave  greM  satisfaction.  There  were  present,  Adoiintl 
Sir  John  Moore,  a  number  of  sea  officers  and  a  great  many  spectuora. 
The  event  of  the  trial  stands  thus  : 


The  New  Pump,  Mr.  Col^t  .• 
F<mr  men  pumped  out  one  ton  of 

water  in  43j^  seconds. 
Two  men  pumped  out  one  ton  in 

55  secoDds." 


The  Old  TVnp  ; 
Seven  men  pumped  out  one  toti 

in  76  seconds. 
Four  men  pumped  out  ono  ton 

in  55  seconds. 
Two  men  amid  not  move  it."* 


The  chain  in  Cole's  pump  was  mode  like  a  watch  chain,  or  those  whick 
communicate  motion  to  the  pistons  of  ordinary  lire  engines,  i.  e.  eveiy 
other  link  was  formed  of  two  plates  of  iron,  whose  ends  lapped  over 
those  of  ■  single  one,  and  secured  by  a  bolt  at  each  end.  These  bolts 
formed  a  joint  on  which  they  moved ;  but  instead  of  their  ends  being 
riveted,  one  vns  farmed  into  a  button  head,  and  a  slit  made  llirough  the 
other,  for  the  admission  of  a  spring  key,  so  that  they  could  be  taken  out 
at  pleasure.  By  this  device,  whenever  a  link  or  bolt  wrs broken  or  worn 
out,  another  one,  from  a  store  of  them  kept  an  hand  for  the  purpose,  conld 
be  supplied  in  a  few  moments.  In  some  experiments,  the  chain  waspnr- 
posely  separated,  and  dropped  into  the  well  in  a  ship's  hold,  whence  it 
'    ind  the  '  '    ' 


was  taken 


up,  repain 


a  pump  again  • 


1  work  in  two  minutes. 


Chains  similar  to  these  had  been  previously  employed  by  Mr:  Mylne  in 
the  pumps  that  raised  the  water  from  the  caissons  at  Black  Friars  Bridge, 
llie  ptstona  were  formed  of  two  plates  of  brass  or  iron,  having  a  disk  of 
thick  leather  between  them,  of  the  same  dismeter  as  the  bore  of  the  pnvip. 
The  edges  of  the  leathera,  when  wet,  do  not  bear  hard  sigeinst  the  sides  of 
die  pump;  indeed  it  is  not  necessary  (hat  they  should  even  touch  ;  for  the 
water  that  escapes  psst  one,  is  received  into  the  next  compartment  buiow  i 
and  when  a  rapid  motion  is  imparted  to  the  pistoiiSj  the  inerda  of  the  mov- 
ing column  prevents  in  a  great  measure  any  from  descending.  The  wheel 
which  carries  the  chain  is  generally  made  like  the  trundles  in  mills,  vis. 
two  thin  iron  disks  or  rings  are  secured  about  eight  or  nine  inches  apart, 
upon  the  axle,  and  are  united  by  several  bolts  at  their  circumference.   The 


•LoiidinMsBUiiMfbrlTW,  p.  381.    ^Ilnd.  l7K,p.aa3.    •  Ibid.  ITOB,  p.  490. 


,Coo»^lc 


IfiS  CAoM  Pun^  [Book  I. 

distance  between  tbese  bolts  is  such  that  the  piatoDS  fall  in  between 
them,  and  are  carried  round  by  them.  Soinetimes  however,  the  links 
have  huokt,  which  lake  hold  of  the  bolls.  A  lower  wheel  is  now 
dispensed  with,  and  the  end  of  the  pump  slightly  curved  lowarda  the 
descending  chain,  to  facilitate  the  entrance  of  the  pistons.  These  ma- 
chines are  generally  worked  in  ships  of  war  by  means  of  a  long  crank 
attached  to  the  axle,  at  which  a  number  of  men  can  work.  In  some  ves- 
sels they  ore  moved  by  a  capstan.*  The  pump  cylinders  are  of  iron,  and 
•ometimes  of  breas,  mo  latter  being  inclosed  within  and  protected  by 
wooden  onoa. 


NB.n.    CkalnFupt>0HU.8.8kipIiidepeid«H*. 

For  the  following  (acta  connected  with  the  use  of  the  chain  pnmp  in 
the  United  States  Navy,  we  are  indebted  to  Mr.  Hart,  Naval  Constructor 
in  the  New- York  Navy  Yard.  Tha  first  United  States  ship  of  war, 
which  had  one,  was  the  '  Elision,'  built  at  Boston,  in  1799.  Mr.  Han's 
father  made  the  pump.  The  chain  was  formed  iif  common  ok  chains, 
and  the  wheel  which  carried  it  was  of  wood,  having  forked  pieces  of  iron 
driven  into  its  periphery,  between  which  the  chain  was  received  :  the  cyl- 
inders were  common  pump  logs  of  six  inches  bore.  This  imperfect  ma- 
chine was  replaced  the  following  year,  by  one  formed  after  a  French 
model,  the  chain  and  cylinders  being  of  cop]>er.  In  1802,  the  Frigate  Gwi- 
tfittUuM  hod  two  similar  ones  p!ac<!d  in  her  ;  and  about  the  same  lime, 
they  were  adopted  in  olher  public  vessels ;  but  in  the  course  of  a  few 
y«ars  were  discominued  generally,  either  from  the  prejudice  of  the 
•eamet),  or  from  the  increased  labor  and  expense  of  repairing  the  pis- 
ton*.    In  ordinary  pumps,  a  single  box  or  piston  only,  has  to  be  re-leaih- 

•Ths  vcshU  of  the  exploring  expedition  lenl  out  by  the  Brilith  idmirally,  under  ihe 
commaod  of  Cast.  Oweu,  had  their  chain  ptnop*  filled  tu  work  by  tfae  cspsUD.  under 
Ifae  impreMion  Inal  it  waa  ■  more  econaniical  mode  than  ihe  crank,  of  ipplyins  per- 
sonal labor.  '  Namtive  or  Vovaicw  lo  explore  the  shore*  of  Afirica,  Arabia  and  Hsda- 
gaacai,  in  1S91.'  Vol  i,  p.  14.  N.York  Ed.  1833. 
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eredj  but  in  the  cliuii  pump,  from  thirty  to  fi(W  h«ve  to  be  renewed 
when  worn  out  The  chain  pumps  in  the  British  sloop  of  war  Ci/ane 
were  taken  out  when  she  was  captured,  Rnd  common  pumps  put  in 
their  place.  Recently  a  change  of  opinion  respecting  these  pumps  has 
token  place,  for  wilhm  a  few  years  they  have  to  a  limited  extent  been  re- 
introduced into  the  navy.  In  1837,  thti  laArpejidcTice  was  furnished  wiib 
two  of  them ;  and  in  1838,  the  same  number  were  placed  in  the  Ohio: 
both  vessels  still  retain  the  ordinary  pumps. 

A  description  of  one  of  those  on  board  the  Independence,  which  is  now 
fitting  for  sea  in  this  harbor,  will  give  a  correct  idea  of  them  all.    See  No,  G7. 

Two  copper  cylinders,  seven  inches  diameter,  and  about  twenty-two 
feet  long,  e attend  from  the  surface  of  the  main  gun-derk  to  the  well.  The 
one  in  which  the  chain  deicenda,  is  continued  ten  or  twelve  inches  above 
the  deck  to  prevent  the  water  that  is  raised,  from  returning  through  it 
again  to  the  well.  A  horizontal  wrought  iron  shall  is  placed  between  the 
cylinders  sod  supported  by  a  stout  frame  on  which  its  journals  turn.  On 
this  shall,  a  strong  cast  iron  wheel,  two  feet  in  diameter,  is  secured,  having 
twelve  arms  radiating  like  the  spokes  of  a  carriage  wheel  from  the  hub.  A 
(No.  67)  represents  two  of  these  arras  with  a  portion  of  the  shaft.  A  re- 
cess is  fi>rmed  at  the  extremities  to  receive  the  chain,  and  prevent  it  from 
slipping  oiTon  either  side.  Figs.  1  and  2,  represent  the  links.  They  ara 
of  copper,  seven  inches  long,  one  and  a  half  inch  wide,  and  one  quarter 
of  an  inch  thick,  and  are  similar  to  those  in  Cole's  pumps.  The  pallets  or 
pistons  are  formed  on  the  middle  of  every  alternate  link;  that  is,  on  those 
which  are  made  of  a  single  piece.  A  circular  plate  about  a  quarter  of  an 
inch  diick,  is  cast  (see  fig.  1,)  of  a  diameter  rather  less  than  the  bore  of 
the  cylinders.  Another  loose  plate  of  the  same  dimensions  (fig.  3,)  has 
«i  opening  in  its  centra  to  allow  it  to  pass  over  the  link  and  lay  upon  the 
other.  Between  tbeae,  a  disk  of  leather  is  introduced,  i.  e.  a  circular 
just  like  fig.  3,  but  of  a  diameter  equal  to  the  bore  of  the  cylinder, 
is  first  placed  on  the  fixed   plate  in  fig.  1,  then  fi      ~  '     '  ' ' 
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and  to  secure  the  whole,  a  key  or  wedge  is  driven  through  a  slit  in  the 
link,  just  above  the  surface  of  fig.  3,  and  thus  compresses  the  leather  be- 
tween them.  When  the  pumps  are  used,  long  cranks  are  apntied  to  each 
end  of  the  shafl,  so  that  fiueen  or  twenty  men  can  be  engaged  at  the  same 
time  in  working  them.  In  the  IndependnKe,  these  cranks  extend  across  the 
deck,  and  thereby  interrupt  the  passage  way.  .They  should  in  all  public 
vessels  be  arranged,  if  possible,  '  fore  and  ail.'  The  arrows  show  the  di- 
rection of  the  chain. 

The  introduction  of  the  chain  pump  into  ships  is  probably  due  to  the 
Chinese,  as  they  use  it  in  their  sea  junks;  and  it  is  not  likely  that  this  ap- 
plication of  it  IS  of  recent  date  among  them.*  The  early  missionaries 
thought  that  buckets  only  wero  employed  in  raising  bilge  water  from 
the  holds.'  It  is  not  much  used  we  believe  in  the  French  navy.  In  the 
Dicbonnaire  de  Trevoux,  it  is  named  the  EnglUh  pump. 

The  Chinese  chwn  pump  was  introduced  into  the  United  States  by 
Andr^  Everard  Van  Braam,  who  was  several  years  chief  of  the  Dutch 
East  India  Company  in  China,  and  who  settled  in  South  Carolina  at  th« 
close  of  the  revolutionary  war.  In  1794,  he  was  appointed  second  in  the 
Dutch  embassy  to  Fekin,  and  in  1796,  he  returned  and  settled  near  Phila- 
delphia. In  his  account  of  the  embassy,  a  translation  of  which  was  pub- 
li^ed  at  London  in  1708,  and  dedicated  by  him  to  General  Washington, 
and  to  which  we  have  heretofore  referred — >he  remarks,  speaking  of  the 

■  "TIm  ChiuMS,'  by  J.  F.  Davis,  vol.  ij,  S90 
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Ghioese  pnmpB,  "  I  h«re  introJuced  the  uje  of  them  ioto  the  United 
States  of  America,  wbcre  th«>j  are  of  great  utility  id  riven,  in  conse- 
quence of  the  littltt  labor  they  require."  (Vol.  i,  74.)  We  are  not  aware 
that  they  are  much  used  in  this  country  at  the  present  time.  The  chain 
pump  is  employed  in  the  diamond  districts  of  Brazil.  M.  Mawe,  in  his 
Travels,  has  figured  and  described  it  as  uoed  there.  It  has  also  been  re- 
cently introduced  into  Egypt,  where  it  is  more  likely  to  become  domi- 
ciliatAd,  than  the  atmosphenc  and  forcing  pump,  which  Belzoni  endeavored 
in  vain  to  establish  ;  allhough  St.  John  seems  to  think  even  it  is  rather 
too  complex  for  the  present  state  of  the  mechanic  arts  in  the  land  of  the 
Pliareohs.  "  Windmills  for  raising  water,  and  chain  pumps,  have  been 
introduced  into  Eg^pt ;  hut  as  these  are  machines  which  require  some  re- 
gard to  the  principles  of  good  workmanship,  they  are  by  no  means  fitted 
tor  general  use."     Egypt  and  Mohammed  Ali,  vol.  i,  14. 

The  chain  pump,  as  well  as  the  screw,  noria,  chain  of  pots.  Sic.  haa 
been  sdopted  as  a  Hrst  mover.  Placed  perpendicularly  on  the  side  of  a 
precipice,  or  wherever  a  small  stream  of  water  can  be  cunveyed  into  its 
upper  ori6ce,  and  can  escape  from  its  lower  one,  the  motion  of  the  chain 
is  reversed  by  the  weight  of  the  liquid  column  acting  on  the  pistons.  A 
wheel  similar  to  the  upper  one  is  fixed  below,  over  which  the  chain  also 
passes;  and  from  the  axle  of  either  wheel  the  power  may  be  taken.  A 
patent  for  this  application  of  the  chain  pump  was  granted  in  Englaod, 
In  1784. 

There  is  another  device  of  the  Chinese,  which  is  worthy  of  imitation ; 
and  considering  the  increased  security  it  oflera  to  floating  property,,  and 
the  additional  safety  of  the  Uves  of  navigators,  it  is  aurprismg  that  it  has 
not  been  adopted  by  Americans  and  Europeans — rvii.  the  division  of  the 
holds  of  ships  by  water-tight  partitions.  The  Chinese  divide  the  holds 
of  their  sea  vessels  into  about  a  dozen  disdnct  compartments  with  strong 
plank ;  and  the  seams  are  caulked  with  a  cement  composed  of  lime,  oil, 
and  the  scrapings  of  bamboo.  This  composition  renders  ihem  imper- 
vious to  water,  and  is  greatly  preferable  to  pitch,  tar  and  tallow,  since  it  is 
said  to  be  incombustible.  This  division  of  their  vessels  «eems  to  have 
been  well  experienced  ;  for  the  practice  is  universal  throughout  the  em- 
pire. Hence  it  sometimes  happens  that  one  merchant  has  hit  eoodsaafely 
conveyed  in  one  division,  while  those  of  another,  suffer  considerable  da- 
mage from  a  leak  in  the  compartment  in  which  they  are  placed.  A  ship 
may  strike  against  a  rock  and  yet  not  sink,  for  the  water  entering  ^  the 
fracture  will  be  confined  to  the  division  where  the  injury  occurs.  To  the 
adoption  ef  a  similar  plan  in  European  or  American  merchantmen,  besice 
the  opposition  of  popular  prejudice  and  the  increased  expense,  an  objec- 
tion might  arise  from  the  reduction  it  would  occasion  in  the  quantity  of 
freight,  and  the  increased  difHculty  of  stowing  bulky  articles.  It  remains 
to  be  considered  how  fkt  these  objections  ought  to  prevail  against  the 
greater  security  of  the  vessel,  crew  and  cargo.  At  any  rate,  such  objec- 
tions do  not  apply  to  ships  of  war,  in  which  to  carry  very  heavy  burdens, 
is  net  an  object  of  consideration.     Staunton's  Embassy,  vol.  ii,  136. 
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iroriu,  rival  in  magnitude  thoie  of  Egypt  ftnd  Indik,  uid  maiij  of 
them,  (the  roads  and  aqaeducta  particularly,)  equalled  in  utility  the 
noblest  works  of  Greece  and  Rome — w«re  not  without  hydraulic  en- 
gioei  1  and  had  descriptiona  of  them  been  preserved,  tbey  would  have 
fumistied  more  interesting,  and  perhaps  more  eartain  data.,  respecting  the 
peopling  of  America,  and  of  the  oriein  of  the  Toltec  and  Astee  races, 
than  any  others  derived  from  the  useful  arts.  From  the  analogy  there  is 
between  some  of  the  arts,  manners,  and  customs  of  the  ancient  people  of 
Mexico  and  South  America,  and  those  of  Asia,  we  might  suppose  that  the 
swape,  bucket  and  windlass,  noria,  and  chain  of  pots,  and  perhaps  the 
chain  pump  were  known  to  them ;  but  of  this  we  have  met  with  no  direct 
proof.  Were  the  fact  established,  that  they  were  in  possession  of  these 
machines,  it  would  greatlv  tend  to  prove  their  Asiatic  origin  in  post- 
diluvian Uraes ;  while  on  the  other  hand,  if  lacking  these,  they  had  others 
peculiar  to  themselves,  such  a  fact  would  be  one  of  the  most  inceresting 
circumstances  connected  with  the  early  history  of  these  continents  ;  and 
might  be  adduced  to  sustain  the  hypothesis  of  those  who  consider  this 
hemisphere  as  having  been  uninterruptedly  occupied  by  man,  from  times 
anterior  to  Noah's  flood  ;  and  consequently  many  of  the  machines,  arts, 
and  productions  of  the  inhabitants  peculiar  to  themselves. 

The  Toltecs,  we  are  informed,  introduced  the  cultivation  of  maize  and 
cotton  ;  they  built  cities,  made  roads,  and  constructed  those  great  pyramids 
which  are  yet  admired;  and  of  which  the  faces  are  very  accurately  laid 
out ;  they  could  found  metals,  and  cut  the  hardest  stone — they  knew  the 
use  of  hieroglyphical  painting,  and  ih^  had  a  solar  year,  more  perfect 
than  that  of  the  Greeks  and  Romans.  "  Few  nations  (says  Humboldt) 
moved  ^uch  great  masses  as  were  moved  by  the  Mexicans,"  proofs  of 
which  are  still  (bund  among  the  ruins  of  their  temples.  The  calender 
stone,  and  the  sacrifice  stone,  in  the  great  square  at  Mexico,  containing 
282  and  363  cubic  feet ;  a  carved  stone  dug  up,  which  was  upwards  of 
22feetin  length,  19  feet  in  breadth,  and  about  10  deep — are  examples;  and 
the  colossal  statue  of  the  Goddess  Teoyaimuqui,  is  another.'  And  what  is 
more  to  our  purpose,  remains  of  aqueducts,  of  surprising  magnitude  and 
workmanship,  are  found  throughout  Chili,  Mexico,  and  Piiru. 

Nor  had  these  arts  been  lost  at  the  period  of  the  Spanish  invasion.  At 
diat  time,  agriculture,  artificial  irrigation,  and  many  other  of  the  mechanic 
arts,  especially  those  which  relate  to  the  metals,  appear  to  have  been  in 
a  more  advanced  state,  than  they  have  ever  been  in  Spain,  during  any 
subsequent  period.  When  Grijalva  and  his  companions  landed  in  Ynea- 
lan,  (in  1518)  they  were  astonished  at  the  cultivation  of  the  fields,  and  the 
beauty  of  the  edifices — as  well  as  at  the  ornaments,  &c.  in  gold,  which  the 
natives  possessed,  the  value  of  the  workmanship  often  '  escceedtng  that  of 
the  mttal.'  Tlascala,  (says  Solis,)  was  at  that  period,  *'  a  very  populous 
city  ;"  the  houses  were  built  of  stone  and  brick,  their  roofs  wet%  flat  and 
■urroanded  with  galleries.  The  Tlascelans,  says  Herrera,  had  baths,  bow- 
ers, and^^^mn/auu,  and  whenever  a  new  house  was  finished,  they  had  feasts 
and  dancing,  &c.  like  the  hMue  learming  of  old  in  Europe.  Every  house 
in  Zempoala  had  a  garden  wUh  water.  Ancient  wdlt  are  still  in  use  in 
Mexico,  some  of  which  are  two  and  tl)ree  hundred  feet  in  depth.  Water 
is  drawn  from  them  to  irrigate  the  soil. 

The  city  of  Gholula  was  located  in  a  deli^tful  plain ;  it  contained 
20,000  inhabitants,  and  the  number  in  its  suburbs  was  greater.      Tha 
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Spaniards  oomparMl  it  to  VaQadolid  for  ita  beauty  and  magnificetice. 
It  was  a  great  emporium  ofmerchaDdise.  Strangers  from  distaotparta  of 
the  continent  fiocked  to  it.  Solid  sayi,  the  streets  were  wide  and  well  laid 
ont;  the  buildings  larger  and  of  better  architecture  than  those  of  Tlaacala, 
and  the  inhabitants  were  principoJIy  merchants  and  mechanics.  Cortes 
himself,  slier  entering  this  city,  ihus  speaks  of  it  in  a  letter  to  Charles  V. 
"  The  inhabitants  are  better  clothed  than  any  we  have  hitherto  seen.  Peo- 
ple in  easy  circumstances  wear  cloaks  above  their  dress ;  these  olo^u 
differ  from  those  of  Africa,  for  they  have  pockets,  though  the  cut,  cloth 
and  fringes  are  the  ssme.  The  environs  of  the  city  are  very  fertile  and 
well  cultivated.  Almost  aS  Me  fiddt  may  bt  watered  {  and  the  city  is 
DMcA  m^e  beoMtyid  than  oU  tkoie  m  Spout ;  for  it  is  well  fortified,  and 
built  on  level  ground.  I  can  assure  your  highness,  that  from  the  top  of  a 
mosque  (temple)  I  reckoned  more  than  four  hundred  towers,  all  of  mostJUM. 
The  number  of  inhabitants  is  so  great  that  there  is  not  an  inch  of  ground 
uncultivated."  Wlien  the  Spaniards  reached  Tczcuco,  th^  found  it  vt 
laive  again  as  Seville.  It  rivalled  in  grandeur  and  extent  Mexico  itself, 
and  was  of  a  much  more  ancient  date  than  that  capital.  Herrera  says, 
the  streets  were  very  regular,  and  iii.a.K.frt»k  uater  teat  brought  tii  pim 
firom  the  mountains  to  every  hotue.  The  principal  front  of  the  buildings 
extended  on  the  borders  of  a  spacious  lake,  where  the  causeway  that  led 
to  Mexico  began.  It  was  from  this  causeway,  which  was  built  of  stone 
and  lime,  that  the  Spaniards  first  beheld  the  distant  capital,  with  its  towers 
and  pinnacles  in  the  midst  of  the  lake ;  and  on  the  8th  November,  1519,. 
Cortez  and  his  myrmidons  entered  that  ciiy,  which  then  contained  a  greab- 
er  populatioi)  than  New- York  does  at  present ;  for  it  had  between  three- 
end  four  hund'red  thousand  inhabitants. 

When  the  Spaniards  entered  the  gates,  through  a  bulwark  of  stona- 
Bupported  hy  castles,  they  beheld  a  spacious  street  with  houses  nniformly 
built,  and  the  windows  and  battlements  filled  with  spectators.  They 
were  received  into  one  of  Motesuma's  houses,  which  had  been  built  by 
bis  fikther.  This  buildina;  Solis  remarks,  vied  in  extent,  with  theprincipu 
palaces  of  emperors  in  Europe  ;  and  had  the  appearance  of  a  fortrew,. 
with  thick  stone  walls  and  towers  upon  the  flanks.  The  streets  of  the  ci^ 
Were  straight,  as  if  drawn  by  a  line  ;  and  the  publio  buildings,  and  houseS' 
of  the  nobdity,  which  mado.up  the  greatest  part  of  the  city,  were  of  stone 
and  -well  butlt.  The  palace  of  Motezuma  was  ao  large  a  pile  that  it 
opened  with  thirty  gates  into  as  many  different  streets.  The  principal 
front  took  up  one  entire  side  of  a  spacious  parade,  and  was  of  black,  red- 
and  white  jasper,  well  polished.  Over  the  gates  were  the  arms  or  sym- 
bolical figures  of  Motezuma  or  his  predecessors,  viz.  a  gritBn,  being  half' 
an  eagle  and  half  a  lion  ;  the  wings  extended  and  holding  B  tiger  m  its. 
talons.  The  roofs  of  the  buildings  were  of  cypress,  cedar,  and  odier 
odoriferous  woods,  and  were  ornamented  with  carvings  of  "  different 
foliages  and  relievos."  But  without  referring  to  the  splendor  of  this  un- 
fortunate monarch's  court,  his  luxurious  mode  of  living,  his  treasures,  the 
chair  of  burnished  gold  in  which  he  was  carried  to  meet  Cortez,  the  jew- 
els of  gold,  pearls,  and  precious  stones,  that  adorned  his  person  and  those 
of  his  attendants,  and  the  "  shoes  of  hammered  gold,"  that  were  bound  to 
his  feet  and  legs  with  straps,  like  the  Roman  military  sandals  ;  it  will  be 
sufficient  to  notice  the  market  of  the  city  for  the  sale  of  merchandise,  in 
order  to  realize  a  tolerably  correct  idea  of  the  state  of  the  arts  among  the 
Mexicans.  Nothing  excited  the  surprise  of  the  Spaniards  so  much  as 
this  market— both  as  regarded  the  quantity,  variety,  and  quality  of  the 
goods  sold,  and  the  order  which  prevailed. 
21 
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The  Hextcon  worici  of  gold  uid  silver,  sent  by  Cortez  to  Cbarles  V. 
nya  Clavieero,  "  filled  the  goldsmkhs  of  Europe  with  aatoaiahmenl." 
"Someoftiiem  were  inimitable."  Among  others,  there  were ^^ti^htiviiig 
•cales  alternately  of  g<Dld  and  lilver — a  parrot  with  moveable  head,  tongue, 
and  witigt—axi  ape  with  moveable  head  and  feet,  and  baring  a  spindle 
in  it)  band,  in  the  attitude  of  epinning.     Vol.  i,  413. 

Cortez,  in  a  letter  to  Cbarlea  V.  dated  October  1520,  says,  "  the  market 
place  ia  twice  aa  large  as  that  of  Seville  and  surrounded  with  an  immeaEe 
portico,  under  which  are  exposed  for  sale  all  aoits  of  merchandise,  eata- 
bles, omamenta  made  of  gold,  silver,  Uad,  pemter,  precioni  stones,  bones, 
■hells,  and  feathers  ;  delh  ware,  leather,  and  spun  cntton.  We  6nd  hewn 
Uone,  tilea,  and  timber  fit  for  building.  There  are  lanes  for  game,  othcra 
for  roots  and  garden  fruits.  There  ore  houses  where  barbers  shave  the 
Iiead,  (with  razors  made  of  obsidian,)  and  there  are  houses  resembling  our 
qmtbecaiy  shops,  where  prepared  medicines,  unguents,  and  plasters  ate 
■old.  The  market  abounds  with  so  many  things,  that  I  am  unable  to  name 
diem  all  to  your  highness.  To  avoid  confusion,  every  species  of  mer- 
chandise is  sold  in  a  separate  lane.  Every  thing  is  sold  by  the  yard,  (by 
measure)  but  nothing  has  hitherto  been  seen  to  be  weighed  in  the  market. 
In  the  midst  of  the  great  square,  is  a  bouse,  which  I  shall  call  raudmcia 
in  which  ten  or  twelve  persons  sit  constantly  for  determining  any  disputes 
which  may  arise  respecting  the  sale  of  goods.  There  ore  other  persons 
who  mix  continually  with  the  crowd,  to  see  that  a  Just  price  is  e«ked. 
We  have  seen  them  break  the  false  measures,  which  they  had  seized  from 
the  merchants." 

Solis  has  recorded  some  facts,  which  are  too  interesting  to  mechanics  to 
be  omitted.  "  There  were  rows  of  silversmiths,  who  sold  jewels  and 
chains  of  extraordinary  &shion  ;*  several  figures  of  beasts  in  gold  and 
ailver,  wniu^t  with  so  much  art,  as  raised  the  wonder  of  our  artificers  j 
particularly  some  skillets  with  moving  handles,  that  teere  to  coat;  besides 
•other-works  of  the  same  kind,  with  mouldings  and  relievos,  without  any 
■igai  -of  a  hammer  or  graver."  Herrera,  speaking  of  these,  observes, 
"some things  were  cast,  and  others  wrought  with  stones,  to  such  perfec- 
tion, ih«t«nany  of  them  have  surprised  the  ablest  goldsmidis  in  Spain,  for 
they  could  never  conceive  how  they  had  been  made ;  there  being  no  sign 
of  a  hammer,  or  an  engraver,  or  any  other,  instrument  used  vy  them," 
They  brau^t  to  the  fair,  (continues  Solis)  all  the  different  sorts  of  cloth, 
made  throughout  this  vast  empire,  of  cotton  and  rabbits'  far,  which  the 
women  of  this  country,  enemies  to  idleness,  spun  extremely  fine,  being  very 
dexterous  in  this  manufacture-  They  had  also  drinking  enp«  exquisitely 
made  of  the  finest  earth,  different  in  color,  and  even  in  smell;  and  of  this 
kind,  they  had  all  sorts  of  vessels,  necessary  either  for  the  service  and  or- 
nament of  a  house. 

•  These,  nhicfa  ners  mora  round  the  neck,  irere  donbtlea*  limiiaT  to  tfaose  known  ss 
PwuMU  cioiiu,-  wbieb  Mrlsinly  ore  extraordinuy  ipecimens  of  woAmuxhip.  Tbsr 
maj  waietiniei  be  met  with  it  our  jewellen,  wbo  buy  them  for  Itie  parity  of  ihs  gokf. 
It  H  Hid  that  the  mode  ><>/  mskiii|;  ibem  fau  never  been  diacovered,  and  that  lbs 
seerat  ii  attU  preeervad  smoMg  the  Indisng  of  Pomuno.  We  have  examined  one  which 
came  from  CBttfasfeDa,  the  lenrth  of  wbich,  had  it  been  cut,  was  eight  fset  two  hxlietj 
its  section,  whicb  wai  beiagaod,  did  Dot  exceed  one  iwentielli  of  on  inch  in  diameter. 
It  wsafenDedof-aiiearmore6newirea,whicl]aeemed  to  have  been  woven  or  interlaced 
like  the  [datting-of  a  whip  biauUe.  When  a  eiiwls  tbiead  was  examined  by  a  micro- 
Mope,  it  was  tbnnd  to  be  cempoaed  of  several  nnaUeT  wires,  whidl  sspaiate,  were  scarce- 
Ij  peieeptibk  to  -wa  niwiMd  viuon.  The  weifbt  of  the  chain  was  eleven  penny' 
weigfau,  sod  Kappeared  to  be  m  flexible  as  a  piece  of  twine,  eertainly  lor  more  so 
dun  any  chain  formed  of  linka.  No  end  of  a  wire  could  be  deteeled,  and  not  a  paniola 
of  MildeT  was  naed. 
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No  one  can  JouIk,  tbat  a  people,  dniB  tax  advanced  in  civilizadoik 
and  the  useful  arts,  were  in  posseuion  of  machines  of  some  kind  or 
other  For  raiain?  water.  Indeed  the  location  and  great  population  of 
some  of  their  ciiies  required  a  familiar  knowledge  of  hydraulic  opera- 
tions to  supply  them  with  water ;  and  hence  it  would  seem  as  if  they  had 
cultivated  this  department  of  the  arts  equally  with  others,  for  some  of' 
their  aqueducts  would  have  done  honor  to  Greece  and  Rome.  Nearly  all 
the  ancient  cities  of  Mexico  were  supplied  by  them.  We  have  already 
remarked  that  Tlascala  was  furnished  with  abundance  of  baths  and  foun- 
tains— that  every  house  in  Zempoala  had  water — that  Tezcuco  had 
an  aqueduct,  from  which  every  dwelling  was  supplied  hy  a  pipe,  as 
in  modem  cities;  and  we  may  add,  Iztaclapa,  which  contained  about  ten 
thousand  hooses,  had  its  aqueduct  that  conveyed  tfater  from  the  neighbor- 
ing mountains,  and  ted  it  through  a  great  number  of  well  cultivated  rar- 
dena.  In  the  city  of  Mexico,  there  were  several  aqueducts.  That  of  (Jha- 
pvU^er,  was  the  work  of  Motesuma,  and  also  die  vast  stone  reservoir 
connected  with  it.  When  the  Spaniards  besieged  the  city  they  destroyed 
this  aqueducL  Cortee  in  his  lirst  letter  to  Charles  V.  mentions  the  spring 
of  Amilco,  near  Churubusco,  of  which  the  waters  were  conveyed  to  the 
city  "  in  two  lai^e  pipes,  well  mouFded  and  as  hard  as  stone,  but  the  wa> 
ter  never  ran  in  more  than  one  of  tham  at  the  same  time."  We  still  per- 
ceive, says  Humboldt,  the  remains  of  this  great  aqueduct,  which  was  con- 
structed with  double  pipes,  one  of  which  received  the  water,  while  they 
w^to  employed  in  cleansing  the  other ;  but  this  aqueduct,  he  says,  was  in- 
ferior to  the  one  at  Tezcuco  :  of  it,  he  observes,  "  we  still  admire  the 
traces  of  a  great  monnd,  which  was  constructed  to  heighten  the  level  of 
the  water."  The  gardens  of  Motezuma  were  also  adorned  and  nourish- 
ed with  streams  Koafmrntahu,  and  appear  to  have  rivalled  those  of  Asiatic 
monarchs  in  splendor.  And  among  the  hieroglyphicsl  ornaments  of  the 
pyrvnid  of  Xochicalco,  are  heads  of  crocodiles  tp(Mti»g  water,  a  proof 
that  ancient  Americans  were  acquainted  with  that  proper^  of  liquids 
by  which  they  find  their  level ;  and  applied  it  not  merely  to  fountabs 
and,^  detail,  but  to  convey  water  through  pipa  to  their  dwellings. 

We  cannot  reflect  on  the  progress  which  the  ancient  inhabttants  of 
Mexico  had  made  in  the  arts,  ajid  the  magnitude  and  excellence  of  some 
of  their  hydraulic  works,  without  regretting  that  no  particular  accounts  of 
their  devices  for  rauvtg  water  have  been  preserved.  Of  one  thing  how- 
ever, we  may  be  sure,  that  no  people  ever  constructed  such  works  as  they 
did,  for  the  irrigation  of  land,  and  the  supply  of  cities,  who  had  not  pre- 
viously experienced  the  inefficiency  of  machines  for  those  purposes  ;  nor 
could  their  agricnltore  have  been  carried  to  the  extent  it  was,  without  the 
aid  of  them  b  times  of  drought 

'  The  machines  called  nontu  (says  Humboldt)  are  essentia]  to  Mexican 
agriculture.'*  Does  it  not  follow  then  that  these,  or  others  for  the  same 
purpose,  were  equally  essential,  before  the  conquest,  when  the  population 
of  the  country  was  so  much  greater,  and  agriculture  more  extensively 
practised  t  There  is  no  doubt,  be  observes,  that  all  the  country  from  iho 
river  Fapaloapan  "  was  better  inhabited  and  better  cultivated  Uian  it  now 
is."  The  swape  (guimbelette)  is  quite  common  in  Mexico.  It  is  there 
used  as  in  this  country  for  raising  ws^r  tnm  wells  of  moderate  depth.  A 
(nend  just  returned  &om  a  tour  in  Texas,  informs  us,  that  among  th« 
Coosh^e  tribe  of  Indians  on  the  Trinity  river,  and  in  ^  the  settletsents, 
whether  Indian,  Creole,  or  modem  Mexican  ;  in  populous  villages  or  at 

>Naw  BpsoMnaaUled  by  Bhofc,  V«L  0.460. 
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■oliury  wig^runa,  the  '  well  pole*  or  swape  u  almost  always  to  be  seen. 
In  wells  of  conaijerable  deptb,  the  pulley  and  double  chain  with  two 
buckets  are  adopted  ;  and  tbe  chain  of  pots  and  norla  are  extensively  nsed 
in  raising'  water  for  irrigatian,  being  moved,  aain  Spain,  by  oxen  or  moles. 
As  these  are  the  only  devices  for  raising  water  that  are  now  in  use,  ex- 
cept the  common  pump  t«  a  very  limited  extent,  and  the  ordinary  mode 
of  drawing  it  from  mines,  by  buckets  worked  by  animals,  thequestion  oc- 
curs, were  they  or  any  of  ihem  in  use  previous  to  the  conquest  1  The 
pump  excepted,  we  should  suppose  they  were  ;  but  as  before  remarked, 
we  have  no  direct  evidence  to  establish  the  fs^t.  As  tbe  Mexicans  were 
collected  in  villa^s  and  accustomed  to  cultivate  the  soil,  at  least  400  years 
before  the  conquest,  and  subuquent  to  that  event,  the  great  mas*  of  the 
farmers  have  been  and  are  Indians,  who  adhere  with  "  extraordinary  ob- 
stinacy" to  the  customs  of  their  ancestors,  it  seems  natural  to  suppose  that 
they  (like  the  agricultural  classes  of  all  other  countries)  would  retain  some 
of  the  old  modes  of  raising  water ;  but  as  those  above  named  are  said  to  be 
the  OTt/y  ones  practised,  it  is  probable  that  some  of  them  at  least  were 
known  to  the  inhabitants  of  oltf. 

Palenque  is  about  thirty  miles  from  Tobasco.  It  is.  surroimded  by 
dense  forests,  and  ovei^rown  with  the  vegetation  of  past  ages.  Of  its 
founders  and  inhabitants  nothing  is  known,  nor  yet  of  the  period  when 
Uiey  flourished.  The  remains  of  this  city  have  been  traced  over  an  ex- 
tent of  twenty-Jottr  miiet,  and  consist  of  massive  edifices,  of  a  novel  and 
very  chaste  style  of  architecture.  These  are  accurately  laid  oat  to  the 
four  cardinal  jKiints  of  the  compass,  and  are  built  of  hewn  atone.  There 
are  temples,  palaces,  and  tombs  ornamented  with  the  richest  sculptures 
and  has  reliefs,  extensive  excavations,  subterranean  passa^s,  bridges, 
dikes,  A4UBDUCT8,  &c.  all  indicative  of  a  powerful  and  hi^ly  civilized 
people.  Dupaix  and  his  companions,  who  were  sent  out  in  1805  by 
Charles  IV.  of  Spain,  to  examine  and  report  on  these  buildings,  after 
three  weeks  intense  labor  in  cutting  down  trees  which  grew  over  them, 
were  enabled.fo  examine  fifteen  edifices,  which  elicited  tiieir  wonder  and 
admiration.  Mr.  Waldeck,  a  late  traveler,  who  has  spent  several  years 
in  examining  and  collecting  evidences  of  early  American  civilization,  cut 
down  a  tree,  (that  was  growing  over  an  ancient  building  at  Palenque)  tho 
concentric  circles  in  a  section  of  which,  indicated  a  growth  of  973  years  t 
But  how  many  centuries  had  elapsed  from  the  ruin  and  desertion  of  the 
city,  and  for  tbe  accumulation  of^aoil  over  it,  ere  this  tree  took  root,  can 
only  be  conjectured.  The  sculptures  on  the  walls  are  surprisingly  per- 
fect, and  among  them  are  hieroglyphics  which  are  supposed  to  have  pho- 
netic power.  -  Men  and  women  are  represented  clothed  in  figured  gar- 
ments, indicating  the  manufacture  of  flowered  stuffs ;  and  various  reticB 
which  have  been  disinterred,  as  toys,  vessels,  ornaments  of  dress,  Stc. 
prove  consider^le  progress  in  other  branches  of  the  useful  arts.  But  ex- 
tensive  as  these  ruins  are,  and  pregnant  with  information  of  thrilling  in- 
terest, Palenque  is  like  MUia,  ine  partner  of  its  gloiy  and  of  its  degrada- 
don,  a  '  city  of  the  dead.'  Not  a  voice  is  heard  in  it,  or  around  it,  but  tbe 
hissing  of  serpents,  the  buzzing  of  insects,  the  gibbering  of  monkeys,  and 
die  screeching  of  wild  birds. 

There  is  one  circumstance  respecting  the  ancient  cities  and  people  of 
Yucatan  which  relates  to  our  subject,  that  is  deserving  of  attention.  It  is 
this — from  the  geographical  position  and  physical  features  of  tbe  country, 
WELLS  have  aheaj/t  been  of  pRIHaxy  importance.  During  the  greater 
part  of  the  year  the  inhabitants  have  no  other  resource  for  fresh  water; 
and  (bii  must  necesauily  have  been  tbe  cue,  ever  stsce  the  present  or- 
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nalMtion  of  llbeae  condneots  took  placu.  In  those  remote  &^es,  dien, 
auring  which  the  country  wu  occupied  by  a  numerouB  and  civilized  peo- 
ple, wells  must  have  been  very  common ;  and  as  they  are  not,  like  struc- 
tures erected  on  the  surTace,  subject  to  decay,  or  obnoxious  to  destrucuoo, 
the  discovei^  and  examination  of  some  of  them  is  greatly  to  be  desired. 
Who  can  cell  what  stores  of  treasure  are  buried  in  them ;  what  specimens  of 
art;  what  means  for  tracing  the  bbtoi^i  and  also  the  revolutions,  through 
which  the  ancient  people  of  America  have  passed ;  their  origin,  progresi, 
«nd  disappearance!  If  Palenijue  and  its  sister  cities  were  destroyed  by 
war,  then  it  is  almost  certain  that  the  inhabitants  would  have  recourse  to 
wells  for  the  secretion  of  their  treasures,  both  public  and  private ;  a  prac- 
tice that  bss  been  followed  in  all  ages  and  by  aU  people. 

Helics  of  former  ages,  which  have  been  lound  (more  or  less  numerous) 
over  both  continents,  incontestibly  prove  that  civilized  people  flourished 
here  in  former  ages ;  snd  that  they  and  their  progeny  have  disappeared, 
as  if  by  some  general  and  sudden  calamity  thov  had  been  swept  oiT  the 
•tase  of  life,  to  a  man.  It  would  seem  hx>,as  if  along  period  of  deathlike 
Btiluiess  had  succeeded,  (like  that  after  the  deluge)  so  that  all  knowledge 
of  them  had  perished,  when  another  race  appeared  and  took  possession 
of  the  sod.  These  were  the  ancestors  of  the  present  Indians,  who,  in 
(heir  turn  are  rapidly  becoming  e^ctinct,  vnthout  our  being  able  to  tell  who 
they  were,  whence  they  came,  or  tehoi  they  first  made  their  ^jpearance. 
We  see  no  reason  to  doubt  their  tradition  reBiiecdng  the  great  Megalonyx 
and  Mnalodon  of  the  western  prairies,  having  been  contemporary  with  thdr 
forefathers,  since  the  discovei^  of  the  bones  of  these  animals  corroborate  in 
Bome  degree  the  truth  of  11  Nor  is  it  at  all  improbable  that  their  ac* 
counts  of  the  voracious  and  enormous  Piatd,  '  the  bird  that  devours  men,' 
U  fabulous ;  a  figure  of  which  is  cut  on  the  face  of  a  smooth  and  perpen- 
dicular rock,  at  an  elevadon  which  no  human  art  can  now  reach  ;  near  the 
mouth  of  a  small  stream,  named  the  Piasft,  which  enters  the  Mississippi 
between  Alton  wd  the  mouth  of  the  Illinois.  See  Family  Mag.  1837, 
Vol  Iv,  101. 

ON  THE  HTDKAULIO  AND  OTHBK  WOBKB  OT  THE  ANCIENT  PEEDVIANB. 

Molina,  in  his  '  Natural  and  civil  History  of  Chili'  observes  that  previous 
to  the  invasion  of  the  Spaniards,  the  natives  practised  artificiiil  irrigation,  by 
conveying  water  from  the  higher  grounds  in  canals  to  their  fields.  Herrera 
says,  many  of  the  vales  were  exceedingly  populous  and  well  cultivated, 
'having  trenches  of  water.'  The  Peruvians  carried  the  system  to  a  great 
extent  "  How  must  we  admire  {says  Humboldt)  the  industry  and  activity 
displayed  by  the  ancient  Mexicans  and  Peruvians  in  the  irrigation  of  arid 
lands!  In  the  maritime  parts  of  Peru,  I  have  seen  the  remains  of  walls, 
along  which  water  was  conducted  for  a  space  of  from  5  to  6000  metres, 
from  the  foot  of  the  Codilleras  to  the  coast  The  conquerors  of  the  16th 
century  destroyed  these  aqueducts,  and  that  part  of  Peru  has  become, 
like  Persia,  a  desart,  destitute  of  vegetation.  Such  is  the  civilization  car- 
ried by  the  Europeans  among  a  people,  whom  they  are  pleased  to  call 
barbarous."*  These  people  had  laws  for  the  protection  of  water,  very 
nmitar  to  those  of  Greece,  Rome,  Egypt,  and  alt  the  older  nations  ;  for 
those  who  conveyed  water  from  the  canals  to  their  own  land  before  their 
turn,  were  liable  to  arbitrary  punishment-  Several  of  the  ancient  Amer- 
ican customs  respecung  water,  were  identical  with  those  of  the  oldect 
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nationa.  Tliey  buried  vesseU  of  water  vith  the  dead.*  The  Mexicans 
worshipped  it."  The  Peruvians  sacrificed  to  rivers  and  fountains.*  The 
Mexicans  had  TTaioe  their  gcid  of  water.'  Holy  water  was  kppt  in  their 
temples.*  They  practised  divination  by  water.'  The  Peruvians  drew 
their  driiiking  water  from  deep  wells,'  and  for  irrigation  in  times  of 
drought,  they  drew  it  from  pools,  and  lakes,  and  rivers. 

The  annajs  of  the  world  do  not  famish  brighter  examples  of  national 
benevolence,  than  the  early  history  of  Peru.  The  wars  of  the  incaa 
were  neither  designed  nor  carried  on,  to  gratify  ambition  or  the  lust  of  con- 
quest, but  to  extend  to  the  brutalized  people  by  whom  they  were  sur- 
rounded, the  advantages  of  civlLized  life;  to  introduce  agriculture  and  all 
its  attending  blessings,  among  honles  of  savages,  that  were  sunk  in  the 
lowest  dep&s  of  bestiality.  But  that  which  sheds  a  peculiar  glory  over 
tho  ancient  Peruvians,  was  their  systematic  and  persevering  efforts  to 
achieve  their  conquests  without  the  effusion  of  blood.  In  reading  their 
history,  the  mind  is  not  only  relieved  from  those  horrible  details  of  car- 
nage that  constitutes  so  prominent  a  part  in  the  historic  pages  of  other  na- 
tions, but  the  most  agreeable  emotions  are  excited  by  die  benevolent  and 
generally  successful  endeavors  of  this  people,  to  overcome  theii-  fues  by 
reason—by  exhibiting  to  them  the  advantages  of  regulated  socien,  and  l^ 
invitations  to  embrace  them.  This  policy  was  in  accordance  with  the  in- 
junctions of  their  first  king,  whose  precepts  they  greatly  reverenced.  He 
tanght  them  to  overcome  their  enemies  "  by  love — by  t^  pokcb  ef  Ime- 
fit»"  and  hence  we  find  that  when  they  were  successful,  they  neither 
robbed  the  inhabitants  of  their  land,  their  liberty,  nor  their  lives  bat  used 
their  infiuence  and  superior  knowledge  to  ameliorate  their  condition.  And 
when  theseeffona  failed,  and  active  warfare  was  the  only  resource,  they, 
conscious  of  the  wickedness  of  conijuering  men  by  their  destruoiion, 
and  that  those  could  never  be  good  subjects  who  'obeyed  from  fear,* 
nniformty  besieged  them,  till  the  Utter  became  convinced  of  their  own  ina- 
bility to  resist,  aiid  of  the  policy  of  acceding  to  the  terms  of  their  pow- 
erful invaders. 

In  this  manner  the  '  children  of  the  sun'  extended  their  conquests  over 
a  lai^  part  of  the  southern  continent;  and  in  no  part  of  the  world  were 
provinces  more  loyal,  or  a  people  more  attached  to  their  institutions  and 
to  their  princes  ;  nor  was  there  ever  a  people  more  humane.  The  con- 
duct of  some  of  the  incas,  when  at  the  head  of  their  armies,  in  endn> 
ing  the  taunts  and  scoffs  of  their  ignorant  and  imbecile  foes  with  philo- 
sophic forbearance,  is  truly  admirable,  and  might  be  contrasted  with  that  of 
diriifian  warriors  ;  but  then  their  object  was  not  to  acquire  fame  by  the 
destruction  of  their  species,  but  to  benefit  them,  even  at  the  risk  of  their 
reputation.  If  ever  offensive  wars  were  justifiable,  those  of  the  early 
mcas  certainly  were,  since  their  object  was   the  extension  of  human   hap- 

fmess.  and  which  they  carried  on  in  a  corresponding  spirit  of  humanity. 
Q  neither  sacred  nor  profane  history  can  such  examiHcs  be  found. 
Agriculture  was  the  first  object  to  which  their  attention  was  directed ; 
hence  we  find  engineers  and  other  artists  immediately  sent  into  the  subdued 
countries,  or  rather,  among  their  new  friends,  to  mtroduce  the  arts  of 
ploughing  and  cultivating  uie  soil,  &c.  And  as  large  tracts  of  land  were 
destitute  of  vegetation  for  want  of  inaier,  mention  is  constantly  made  of 
AQUEoncTS  and  REBEavoms  among  the  eariiest  of  works  undertaken.  In 
some  districts,  rain  was,  and  still  is,  unknown.     "  For  the  space  of  seven 
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hundred  leafuet  along  die  oooat  (sayi  Guciluso)  it  did  never  T&in." 
ContrivanceB  to  obtain  and  distribute  water,  were  therefore,  with  the  id- 
cas  oa  with  the  earl^  king*  of  Gg^pt,  the  mou  imporuint  and  constant  ob- 
ject! of  their  core.  Nor  does  it  appear  that  the  Egyptians  were  more 
a»iduoiu  in  this  kind  of  labor  than  the  people  of  Peru.  Examples  are 
neotioaed  of  the  latter  having  conveyed  sniall  streanu  through  a  space 
of  sixty  miles,  to  irrisate  a  few  acres  of  land. 

There  are  several  points  of  resemblance  between  these  two  people; 
some  of  which  are  to  be  attributed  to  both  countries  being,  in  a  great 
measure,  destitute  of  rain.  The  first  inca,  like  Osiris,  tau^t  the  inhaU- 
tants  to  cultivate  the  land  ;  to  constrnct  reservoirs  and  at^ueaucts ;  10  make 

K loughs,  harrows,  and  shoes  for  their  own  feet — such  sboes,  says  Garei- 
isso,  '  as  they  now  wear.'  The  wife  of  Manco  Capac,  like  Isis,  taught 
the  women  to  spin,  to  weave,  and  to  make  their  own  garments.  Some 
of  their  fables,  too,  resemble  those  of  the  EgyptiaaB  respecting  Isis.  Ac- 
cording to  one,  "  the  maker  of  all  thtogs  prB<xed  in  heaven  a  virgin,  the 
daughter  of  a  king,  holding  a  bucket  ofuxUer  in  her  hand,  for  the  refresh- 
ment  of  the  earth."  Both  people  erected  stapendous  structures  and  bui> 
tues  of  cut  and  polished  stone,  which  they  wrought  without  iron ;  botfa 
shaved  the  head,  and  both  embalmed  the  dead. 

As  we  have  bo  where  met  with  any  distinct  notice  of,  or  even  allusion 
to,  any  Peruvian  machine  {orraiting  water,  we  insert  some  notices  of  their 
wells  and  aqoedacts,  &c.  from  Garctlasso's  "  Soyal  Commentaries  of 
Peru."  The  reader  can  then  judge,  whether  a  people  who  devised  and 
constructed  hydraulic  works  of  immense  magnitude  for  the  diacributioB 
of  water,  were  without  some  machines  for  raiting  it;  and  etmecialjy, 
vben,  at  certun  season*,  they  obtained  it  from  deep  wells.  The  inca 
Qaraiatw  de  la  Vega,  was  a  native  of  Cusco.  His  mother  was  a  Peru- 
vian princess;  but  his  father,  whose  name  he  bore,  was  one  of  the  Spanish 
conquerors.  He  wax  born  (he  informs  us)  eight  years  after  the  Spaniards 
became  masters  of  the  country,  i.  e.  in  the  year  1A39,  and  was  educated 
by  his  mother  and  her  relatives,  in  the  Indian  manner,  till  he  was  twen^ 
years  old.  In  1S60  be  was  sent  to  Spain,  where  he  wrote  his  Commen- 
taries. These  were  translated  into  English  by  Sir  Paul  lUcaut,  and  pub- 
lished in  one  volnnte,  fbbo,  London,  1686. 

There  is  reason  to  believe  that  Pern,  Gbili,  and  other  puts  of  the 
southern  eondnent,  were  inhabited  by  a  refined,  or  partially  refined  peo- 

itle,  centuries  before  the  time  of  Manco  Capac,  the  first  inca ;  and  that  s 
ong  period  of  barbarism  had  intervened,  induced,  perhaps,  by  revolutions 
similar  to  those  which,  in  the  old  world,  swept  all  the  once  celebrated 
nations  of  antiquity  into  oblivion.  The  ancient  Peruvians  had  a  tradition 
respecting  the  arrival  of  giants,  who  located  themselves  on  the  coast,  and 
who  dvg  wn.i.8  of  immense  depth  Arxmgh  the  toiid  rock  ;  which  wells, 
as  well  as  cieTsam,  still  remain.  When  Mayn  Capac,  the  fourth  inca, 
reduced  the  province  of  Tiahoanacu,  he  found  colossal  pyramid*  and  other 
structures,  with  giguitic  statues,  of  whose  authors  or  uses,  says  Oarcilasso, 
"  DO  man  can  conjecture."  The  ruins  of  these  are  still  ex.tant,  in  one  of 
the  districts  of  Buenos  Ayrea.  In  the  same  province,  the  writer  just 
named  mentions  a  monolithic  temple,  iirhich,  from  the  description,  equals 
any  of  those  of  Egypt.  These  ancient  buildings  were  supposed  by  the 
Peruvians  to  have  tumished  models  for  the  Temple,  Palace,  and  Fortress 
•t  Cuico,  which  the  first  incas  erected.  A^otla,  in  examining  some  of 
these  buildings  in  Tiahuanacu,  was  at  a  loss  to  comprehend  now  they 
could  have  been  erected ;  v>  large,  well  cut,  and  closely  jointed  were  the 
stones.     "  I  meaanred  one  myself,  (he  observes)  which  was  thirty  fsM  ia 
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lan§;th,  eiefateen  in  braadtb,  and  six  feet  in  thicknMs  /'  tuxl  ia  the  For- 
treas  of  Cusco  w«r«  stotiei,  he  aaya,  much  larger.  But  what  adds  to  our 
•urprise,  many  of  these  stones  were  taken  from  qutrries  at  from  five  to 
fifteen  leagues  distance  from  the  buildings. 

There  is  much  unceriunty  respecting  Manco  CapB«.  Who  he  was, 
knd  from  what  country  he  came,  are  equally  unknown.  Atxording  to 
their  Quippiu  or  historical  cords,  and  the  opinion  of  the  inca  who  was  uncle 
to  GsTcilasso,  and  who  communicated  to  the  lB.tter  all  the  knowledge  of 
tbeir  ancestors  then  extant,  he  made  his  appearance  in  Peru  about  400 
years  before  the  invasion  of  Uie  Spaniards.  It  is  said  be  was  whiter  than 
the  natives,  and  was  clothed  in  flowing  garments.  Awed  by  his  pretence, 
they  received  him  as  a  divinity,  became  subject  to  his  ls.ws,  and  practised 
^e  arts  he  introduced.  He  founded  Cusco,  and  extended  his  influence 
to  all  the  nations  around.  He  taught  them  agriculture  and  many  useful 
arts,  especially  that  of  irrigatiDg  land.  His  son  succeeded  him,  and  with- 
out violence  greatly  extended  the  limits  of  the  kingdom  ;  prevailing  « ith 
the  natives,  it  is  said,  by  a  peaceable  and  gentle  manner,  "  to  plough,  and 
manure,  and  cultivate  the  soiL"  His  successors  pursued  the  same  mode, 
and  with  the  same  success.  The  fifth  inca,  we  are  informed,  coniitructed 
aqueducts,  bridges  and  roads  in  all  the  countries  be  subdued.  When  the 
sixth  inca  acquired  a  new  province,  he  ordered  the  lands  to  be  "  dressed 
and  manured ;"  the  fens  to  be  drained,  "  for  in  that  art  [draining]  they 
were  excellent,  as  is  apparent  by  their  works,  which  remain  to  this  day  : 
end  also  they  were  [then]  very  ingenious  in  making  OfnedtK^  for  carrying 
■wMer  into  dry  and  scorched  lands,  such  as  the  greatest  part  of  that  coun- 

Sis  ;  they  always  made  contrivances  and  vtvaUioiu  to  bring  their  water, 
ese  aqueducts,  though  they  were  ruined  after  the  Spaniards  came  in, 
yet  several  reliques  and  monuments  of  them  remain  unto  this  day." 

The  seventh  mca,  VtracwAa,  oonstrucCed  some  water  works,  which,  io 
dieir  beneficial  effects,  perhaps  equalled  any  similar  undertakings  in  an; 
Other  part  of  the  world.  "  He  made  an  aqueduct  12  feet  in  depth,  and 
120  leagues  in  length  :  the  source  or  bead  of  it  arose  from  certun  springs 
on  the  top  of  a  high  mountain  between  Parcu  and  Picuy,  which  was  so 

K'  ntiful  that  at  the  very  head  of  the  fountains  they  seemed  to  be  rivers 
is  current  of  water  had  its  course  through  all  the  country  of  the  B,u- 
canas,  and  seized  to  water  the  pasturage  of  (hose  uninhabited  lands,  which 
are  about  18  leagues  in  breadth,  waUrmg  almott  the  viete  eotmiry  i>f 
Fentr 

"  There  is  another  aqubouct  much  like  this,  which  traverses  the  whole 

Erovince  of  OtaUuuyu,  running  above  150  leagues  from  south  to  north. 
Ui  head  or  original  is  from  the  top  of  high  mountains,  the  which  waters 
falling  into  the  plains  of  the  Quechvat,  greatly  refresh  their  pasturage, 
when  the  heats  of  the  summer  and  autumn  have  dried  up  the  moisture  of 
the  earth.  There  are  many  streams  of  like  nature,  which  run  through 
divers  parts  of  the  empire,  which  being  twnveyed  bv  aqueoucts,  at  the 
charge  and  expense  of  the  incas,  are  works  of  grandeur  and  ostentation, 
and  which  recommend  the  magnificence  of  the  incaa  to  all  posterity ;  for 
these  aqueducts  may  well  be  compsj'ed  to  the  miraculous  fabricks  which 
have  been  the  works  of  mighty  princes,  who  have  left  their  prodigious 
nunuments  of  ostentation  to  be  admired  by  future  ages ;  for,  indeed,  we 
•ought  to  consider  that  these  waters  had  their  source  and  beginning  from 
'Taat,  high  mountains,  and  were  carried  over  craggy  rocks  and  inaccessible 
passages ;  and  to  make  these  wa^s  plain,  they  bad  no  help  of  instruments 
'forged  of  steel  or  iron,  such  as  pickaxes  or  sledges,  but  served  themselves 
iMily  with  one  stone  to  break  another.     Nor  were  they  acquainted  with 
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tlw  iDTention  of  archei,  to  convsy  ib«  w&ter  on  the  level  from  one  preei- 
pice  to  the  other,  but  trvced  round  the  mountain  until  they  found  wayt 
mad  pun^i  M  the  ume  heig'ht  and  level  with  the  head  of  the  ■prings. 

"  The  ctstsmt  or  coneervatories  which  they  made  for  these  vratere,  U 
the  top  of  the  mountain,  were  about  twelve  feet  deep ;  the  paaaage  was 
broken  through  the  rocka,  and  channela  made  of  hewn  atone,  of  about  two 
yarda  lonr  and  about  a  yard  hieh  ;  which  were  cemented  together.  Bad 
rsmaied  in  with  earth  ao  hard,  that  no  water  would  pass  between,  to 
weaken  or  rent  itself  by  the  holes  of  the  channel. 

"The  current  of  water  which  passes  through  all  the  division  of  Cimti- 
nfjw  I  have  seen  in  the  province  of  QueeAna,  which  is  part  of  that  divis- 
ion, and  considered  it  an  extraordinary  work,  and  indeed  snrpassii^  the 
description  and  report  which  hath  been  made  of  it  But  the  Spamvdi 
who  were  aliens  and  strangers,  little  r^wded  the  oonvenience  of  these 
wrorka,  either  to  serve  themselves  in  the  use  of  them,  or  keep  them  in  re- 
pair, nor  yet  to  take  so  much  notice  of  them,  as  to  menoon  them  in  their 
ninories,  but  rather  out  of  a  scornful  and  disdaining  humor,  have  sufiered 
them  to  ran  into  ruine,  beyond  all  recovery.  The  same  fate  hath  befallen 
the  AQUEDDcTs  which  the  Indians  made  for  watering  their  corn  lands,  of 
which  two  thirds  at  least  are  wholly  destroyed,  and  none  kept  in  repair, 
unless  aome  few  which  are  so  useful  that  without  them  they  cannot  soa- 
lain  themselves  widi  bread,  nor  with  the  necessary  provisions  of  life. 
All  which  works  are  not  so  totally  destroyed,  but  that  there  still  remains 
some  mines  and  appearances  of  uem." 

The  last  who  was  independent,  and  by  far  the  worM  of  die  inco*,  wu 
Atahaalpa  or  Atabaliptt,  lite  13th  from  Manco  Ci^nc.  He  treacherousW 
slew  his  brother  and  murdered  nearly  all  hia  rektims.  Garctlasso'i 
mother  and  a  few  others  escaped.  He  was  strangled  by  Piiarm  in  May 
1533,  after  having  purchased  his  life  of  that  monster,  by  filling  the  room  ot 
bis  prison  with  gold  and  silver  vessels,  and  ingots,  in  a  line  chalked  round 
the  wall,  at  the  height  of  about  seven  feet  from  the  ground.  This  room 
was  twenty-five  feet  by  sixteen. 

That  the  Femviana  had  wdU  in  the  remotest  times  has  already  been  no- 
ticed ;  and  when  the  Spaniards  invaded  dieir  country,  great  quantities 
of  treasures  were  thrown  into  them.  The  discovery  of  these  wells 
may  yet  bring  to  view  numerous  specimens  of  their  wniks  in  fha 
metal*.  We  have  not  met  with  any  intimation  of  their  manner  of  raituig 
water,  whether  by  a  simple  cord  and  vessel,  by  means  of  a  pulley,  or 
a  windlass,  nr  any  other  machine.  'Tia  true  that  Garcilasso,  when  desciih- 
ing  the  various  pendants  which  they  wore  in  their  ears,  mentions  rings 
as  large  "  as  the  frame  of  a  pulley,  for  they  were  made  in  the  form  of 
those  with  which  vie  draw  %p  pilehenjrom  a  veil,  and  of  that  compass,  that 
in  case  it  were  beaten  straight,  it  would  be  a  quarter  of  a  yard  long  and 
a  finger  in  thickness,"  but  in  this  passage  we  understand  him  to  tefer  to 
the  Spanish  method  of  drawing  water ;  and  this  is  probable,  for  in  anoth- 
er part  of  his  work,  when  speaking  of  the  large  stones  used  in  the  public 
buildings  at  Cusco,  he  says  the  workmen  had  neither  cranes  nor  jntlUy. 
Still  it  IS  possible  that  he  referred  to  the  mode  his  countrymen  employed. 

There  are  conclusive  proofs  however,  in  some  extracts  that  are  too  ii»- 
teresting  to  be  omitted,  that  the  ancient  Peruvians  were  well  acquainted 
with  the  management  and  distribntioo  of  water  through  pipe» ;  and  of 
making  and  laying  the  latter ;  and  what  is  singular,  both  the  sources  of 
the  water  and  the  direction  of  the  tubes  under  ground  were  kept  secret, 
u  was  the  custom  with  some  people  of  Asia.  "  In  many  of  the  houses 
(of  the  iacas)  were  great  <uiterns  of  gold,  in  which  they  buhed  themselreik 
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'with  COCKS  and  pipe*  i^  the  mmc  tnetat,  for  canTeyancs  of  the  wurr." 
Some  intflresting  particulars  are  also  given  bj  Oarcilaoao  mpeetinff  the 
Buppty  of  Cusco  with  water.  Speaking  of  a  certain  street,  he  saya,  "  near 
thereunto  are  two  pipes  of  exeellent  water,  which  pan  under  grounii,  but 
by  whom  they  were  laid  and  brought  thither,  is  unknown,  kr  want  of 
writings  or  records  to  transmit  the  memory  of  them  to  posterity.  Those 
pipes  of  water  are  called  tUper  tnaket,  because  the  whiteness  of  the  wa- 
ter resembled  silver ;  and  the  windings  or  the  meanders  of  the  pipes  were 
like  the  coik  and  turnings  of  serpents."  Id  the  fortress  of  Cusco  was  "a 
fountain  of  excellent  water,  which  was  brought  at  a  far  distance  under 
ground,  but  where  and  from  whence  the  Indians  do  not  know  ;  for  suck 
secrets  as  these  were  always  reserved  from  common  knowledge  in  the 
breGisCs  of  the  inca  and  of  his  counsel"  The  lake  Chinehmi  near  Cnsco, 
contained  good  water,  and  "by  the  muniRcence  of  the  ioca  was  fur- 
nished with  several  pipes  and  aqueducts,"  to  convey  water  into  lower 
grounds,  which  were  used  till  rendered  useless  by  neglect  of  the  Span- 
iards. "  Afterwards,  in  the  year  1655  and  56,  they  were  r»>aired  by  tny 
lord  and  father  Garcilasso  do  la  Vega,  he  being  the  mayor  of  that  city,  and 
in  that  condition  I  left  them." 

In  describing  the  temple  and  gwrlens  at  Cusco,  he  observes,  "  there 
were  live  founiains  of  water,  which  ran  from  divers  places  through  pipes 
of  gold.  Theeiilenu  were  some  of  stone,  and  others  of  gold  and  silver, 
'n  which  they  washed  their  sacriliceB,  as  the  solemnity  of  the  festival  ap- 


pointed. Id  my  time  there  was  but  one  of  these  fountains  remaining, 
which  served  the  garden  of  a  convent  with  water  ;  the  others  were  lost, 
either  for  want  of  drawing  or  cleansing,  and  this  is  very  probable,  be- 
canse,  to  my  knowledge,  that  which  belonged  to  the  convent  was  lost  for 
nX  or  seven  months,  for  want  of  which  water  the  whole  garden  was  dried 
up  vid  withered,  to  the  great  lamentatinn  of  the  convent  and  the  whole 
City ;  nor  could  any  Indian  understand  how  that  water  came  to  fail,  or  to 
what  place  it  took  its  course.  At  length  they  came  to  find  that  on  the 
west  side  of  the  convent  the  water  took  its  course  under  ground,  and 
fell  into  the  brook  which  passes  through  the  city ;  which  in  the  times  of 
the  incBS  had  its  banks  kept  up  with  stones,  and  the  bottom  well  paved, 
that  the  earth  might  not  fall  in ;  the  which  work  was  continued  through 
the  whole  city,  and  for  a  ouarter  of  a  league  without ;  which  now  by  the 
careteisneaa  and  sloth  of  the  Spaniards  is  broken,  and  the  pavement  dis- 


placed J  for  though  the  spring  commonly  yields  not  water  very  plentiful- 
ly, yet  sometimes  it  rises  on  a  sudden  and  makes  such  an  incredible  inun- 
dation that  the  force  of  the  current  hath  disorderod  the  channel  and  the 
bottoms." 

"  In  the  year  1558  there  happened  a  great  eruption  of  water  from  this 
fountain,  which  brake  the  main  pipe  and  the  channel,  so  that  the  fury  of 
the  torrent  took  another  course  and  left  the  garden  dry ;  and  now  by  that 
abundance  of  rubbish  and  suilage  which  comes  from  die  city,  the  channel 
is  filled  up,  and  not  so  much  as  any  mark  or  signal  thereof  remains.  The 
friars,  though  at  length  they  used  all  the  diligence  imaginable,  yet  ihey 
could  not  find  the  ancient  channel,  and  to  trace  it  from  tiie  fountain  head 
by  way  of  the  pipes,  it  was  an  immense  work,  for  ihey  were  to  dig 
through  houses  ana  deep  conveyances  under  ground,  to  come  at  it,  for  the 
head  of  the  spring  was  nigh.     Nor  could  any  Indian  be  found   that  could 

S've  any  direction  herein,  which  discouraged  them  in  their  work,  and  in 
e  recovery  of  the  others  which  anciently  belonged  to  the  temple. 
Hence  we  may  observe  the 'ignorance  and  inadvertisement  of  those  In- 
diana, and  how  little  die  benefit  of  tradition  availed  amongst  them ;  for 
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Aougfa  it  be  only  fimy-two  yean  at  Una  day  ntice  thoae  wuen  Jbraook 
their  course  ;  yet  neltlier  iLe  loss  of  so  Deceawry  &  provision  aa  wuer, 
which  w&s  the  refreshment  of  their  Livea,  nor  of  that  stream  which  sup- 
plied the  temple  of  the  sun,  their  god,  could  by  nature  or  religion  con- 
serve in  them  the  memory  of  so  remarkable  a.  particular.  The  truth  ia, 
that  it  ia  probable  that  the  undertakers  or  master- workmen  of  those  water 
works  did  commanieate  or  make  known  to  tbe  prieati  only,  the  secret  con- 
veyance* of  those  waters ;  esteeming  every  thing  which  belonged  to  the 
honor  and  aervice  of  the  temple  to  be  sacred,  that  it  j^aa  not  to  be  re- 
vealed to  common  ears,  and  for  this  reason  perhaps  the  Knowledge  of  those 
waters  might  dye  and  end  with  the  order  of  priests." 

"  At  the  end  of  six  or  seven  months  after  it  was  loat,  it  happened  that 
some  ladian  bays  playing  about  ifae  atream,  discovered  an  eruption  of  w»- 
ter  from  the  broien  pipe ;  of  which  tb^  acquainting  one  the  other,  at 
length  it  cante  to  the  knowledge  of  the  Spaniards,  who,  judging  it  to  b« 
the  water  of  the  convent  that  Bad  been  loat  and  diverted  from  its  ibniier 
coarse,  gave  informaUon  thereof  nnto  the  fnars,  who  joyfully  received 
the  good  news,  and  immediately  labored  to  bring  it  again  into  direct 
conveyance,  and  conduct  it  to  their  garden.  The  truth  is,  the  |Hpes  lyin^ 
very  deep  ware  buried  with  earth,  so  that  it  cost  much  labor  and  pains  to 
to  reduce  it  to  its  right  channel ;  and  yet  they  were  not  so  curious  or  in- 
doatrioua  as  to  trace  the  fountain  to  the  apring  bead.  That  garden  which 
now  supplies  the  convent  with  herbs  and  plants,  was  the  garden  which  in 
the  times  of  the  incaa  belonged  to  their  palace,  called  tke  garden  ^  gold 
and  tilver  ;  because,  that  in  it  were  herbs  and  flowers  of  all  sorts,  lower 
plants  and  ahruba,  and  taller  trees,  made  ail  t^  gold  and  tilver  ;  together 
with  all  sorta  of  wild  beasts  and  tame,  which  were  accounted  rare  and 
unusuaL  There  were  alao  strange  insects,  and  creeping  things,  as  anakec, 
tents,  lizarda,  camelions,  butterflieai  and  anaila;  also  all  sorts  of  «(rai^ 
md  every  diing  disposed,  and  in  ita  proper  place  vjA  great  care, 
and  imitated  with  muah  cariosity,  like  the  nature  and  original  of  that  it 
represented.  There  was  also  a  mayzall,  which  bears  the  ^diau  wheat  of 
an  extraordinary  faigneaa,  the  seed  whereof  they  call  quinia.  Likewise 
plant*  which  produce  lesser  seeds,  and  trees  bearing  their  several  sorts  ot 
fruit,  all  inade  of  gold  and  tilver,  and  excellently  representing  them  in 
their  natural  shapes.  In  the  palace  also,  tbey  had  heaps  or  piles  of  bi/ieU 
uidjaggott  made  of  gold  and  silver,  rarely  well  counteoTeited.  And  for 
tbe  greater  adornment  and  majesty  of  the  temple  of  their  god  the  sun, 
they  bad  cast  vast  figiires  in  the  forms  of  men  and  women  and  children, 
which  they  lud  up  in  magazines  or  large  chambera,  called  pirra ;  and 
every  year,  at  the  principal  feasts,  the  people  presented  great  qnaadtiel 
of  gold  and  silver,  which  were  all  employed  in  the  adornment  of  the  tem- 
ple. And  those  Eoldsmiths  whose  art  and  labor  was  dedicated  to  the  sun, 
Uteoded  to  no  other  work,  than  daily  to  make  )Mu>  ixtieiUitMt  of  rare  work- 
manship out  of  those  melals.  In  short  tbey  made  all  sorts  of  veutU  at 
mUiwU  belonging  to  the  temple,  of  gold  and  ailver,  such  as  paU,  and  pant, 
and  /xHJf,  AnSjire  ahoedi,  and  K^t,  and  eeery  thing  die  of  use  and  ser- 
vice, even  their  very  tpadet  and  raket  of  tie  gardeti  were  made  of  tbe 
like  metal."' 

The  author  of  '  Italy,  with  sketches  of  Spain  and  PortuFal,'  Phil. 
1834,  enumerating  some  of  tbe  curiosities  in  the  museum  of  Madrid,  re- 

■  The  niwioa  of  Heasn.  Jsmei,  Bowdlch  uid  Hulehintton,  unt  by  the  Briliih  go 
vsramBul  to  Ashantee,  foond  the  kinz  [ind  nil  his  stiaaduitalitenlljopprened  with  em 
bellishmenU  of  solid  fold,  with  which  their  petwna  were  nesrl}'  aonin>d.  '  Even  the 
assJ  cammtm  stsssili  were  composed  of  that  metal.' 
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imika :  "  whM  pleased  me  moat,  wu  (t  collection  of  Fernvtan  TSaes ;  « 
poliebcd  stone  which  served  tlie  ineu  for  a  mirror ;  and  a  linen  mantle, 
which  formerly  adorned  their  copper  colored  ahouldera,  aa  finely  woven 
as  &  ihawl,  and  flowered  in  very  neu'ly  a  similar  manner ;  the  colora  «• 
fresh  and  vivid  aa  if  new."     Vol.  ii,  Sll. 

It  'n  difficult  after  peruaing  the  history  of  thia  interesting  people,  to  re- 
concile the  Bt&te  of  the  ana  among  them  at  the  Spanish  invasion,  with  the 
opinion,  that  Manco  Capac  arrived  from  Aaia  at  so  late  a  period  as  the 
Igth  century.  If  ^e  was  the  enterprising  and  intelligent  man  that  he  is 
represented  to  have  been,  and  there  is  every  reason  to  believe  he  waa,  it 
is  impossible  that  as  an  Atialic,  he  could  have  been  ignorant  of  the  saw, 
the  auger,  &lea,  of  fitting  wooden  handles  to  hammers,  of  nails,  Bcissors, 
the  crane,  windlass,  pulley,  the  arch,  iron,  Slc  t  or  having  a  knowledge  of 
theae  things,  that  he  should  not  have  introduced  them,  or  at  least  some  of 
them.  But  if  the  Peruvians  w^re  also  ignorant  of  the  swape,  noriar 
or  chain  of  poU,  the  objectioni  to  such  an  opinion  ore  gready  strengthen- 
ed. From  what  part  of  the  eastern  world  could  such  a  man  have  come 
without  having  a  knowled^  of  theae  machines,  and  ^et  be  acquainted,  aa 
he  was,  with  aJl  the  essential  features  of  oriental  agriculture  1  Machines 
too,  of  the  utmost  importance  in  Peru,  where  rain  waa  generellv  unknown, 
and  water  scarce  and  valuable  as  in  Egypt  itself — and  machines  mor« 
necessary  than  any  other,  in  furthering  the  objects  he  had  in  view. 
While  a  doubt  remains  respecting  their  employment,  we  should  sup- 
pose that  he  really  was,  as  surmised  by  Giarcilasao,  a  natitb,  who  by 
(he  superiority  of  his  understanding,  and  by  a  subtile  deportment  (the  more 
efibctually  to  carry  out  his  measures)  persuaded  the  people  that  became 
from  the  sun.  Indeed,  the  state  of  the  useful  arts  generally  among  them 
in  the  15th  century,  implies  that  they  had  not  had  any  permanent  cunneo- 
tion  with  Asiatics  fur  many  ages ;  but  that  they  were  gradually  recovering 
a  knowtedgqvf  the  arts,  which  in  very  remote  times  had  been  practised 
by  nations  inen  extinct;  and  hence  the  paucity  of  their  toola  and  the 
pecuUarity  of  aorae  of  their  devices,  as  their  quipput  or  historical  cords, 
their  modes  of  computation,  &:o.  Moreover,  neither  the  Mexicans  nor 
Peruvians  had  reduced  the  tower  animala  to  subjection,  at  any  rate  not 
for  agricultural  purpoaes ;  and  though  they  had  neither  the  horse,  the  ass, 
nor  ox ;  yet  the  former  had  the  buffalo,  an  animal  that  has  been  used 
from  the  remotest  ages  to  plough  the  soiL  This  circumstance  alone  is 
'Sufficient  to  show  that  they  aid  not  derive  their  knowledge  of  agriculture 
from  Asia,  within  the  time  generally  aupposed,  if  at  all. 

Who  can  reflect  on  the  civilized  people,  that  in  remote  ages  inhabited 
these  condneuta,  without  mourning  over  their  extinction,  and  the  loss  of 
every  record  respecting  them  T  A  people,  whose  very  existence  would 
have  been  unknown,  had  not  some  relics  of  their  labors  (like  the  organic 
remains  of  animals  whose  species  are  extinct)  yet  resisted  the  corroding 
effects  of  time.  When  we  examine  the  ruins  of  their  temples,  their  cities, 
«nd  other  monuments  of  their  progress  in  the  arts,  our  disappointment 
amounts  to  distress,  that  the  veil  which  conceals  them,  is  not,  and  perhaps 
cannot  be  removed.  Straiige  at  it  may  appear,  we  are  almost  as  ignorant 
of  the  mysterious  Palenque,  and  hundreds  of  other  cities,  equally  and 
some  of  them  perhaps  much  more  aneien^-as  of  the  builders  of  Babel— 
and  we  know  about  aa  linle  of  their  early  inhabitants  as  if  they  had  been 
located  on  another  planet 


END  OF  THE  FIBST  BOOK. 
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kl»*]Bd[E  of  ■tBcuplwti* 
■EoUtkon  of  thfl  kCunspban 
twdt— Aadnit  badi  uid  bed- 


WrrH  the  lut  cbapter  we  concluded  onr  remarks  on  nuchinea  em- 
braced in  tbe  fint  gnneral  diviiion  of  the  mbject,  (tee  va^  8)  and  now 
proceed  to  thoM  of  the  lecond ;  tie.  anch  as  raiie  water  by  meani  of  the 
weight  or  prSMnre  of  the  atmosphere.  These  form  a  very  interesting 
clasB-~they  are  genuine  philosophical  instruments,  and  aa  suui  may  serve 
to  exhibit  and  illustrate  some  of  the  most  important  tmtfas  of  natural  phi- 
losophy. The  principle  upon  which  their  action  depends  was  formerly  an- 
known,  and  even  now,  a  person,  however  ingenious,  while  ignorant  of  the 
nature  and  properties  of  the  atmosphere,  would  be  utterly  unable  to  ac- 
count for  the  ascent  of  water  in  them.  Having  no  idea  of  the  cause  of 
this  ascent,  except  the  vague  one  of  netion,  he  would  feet  greatly  emhar- 
raued  if  required  to  explain  it.  And  when  informed  that  there  really  i> 
no  such  thing  in  nature  as  suction,  but  that  it  is  a  mere  chimera,  having  no 
existence  except  in  the  imagination,  the  task  would  be  attended  with  in- 
superable difficultiea.  Pernaps  he  would  have  reconrae  to  a  commoit 
f*m^,  to  tra(»,  if  possible,  the  operation  in  detail ;  if  ao,  he  would  natural- 
ly begin  with  the  first  mover,  or  the  pump  handle,  end  would  look  for 
some  mtMwni,  by  which  motion  ia  transmitted  from  it,  to  the  water  in  the 
well ;  but,  however  close  the  scrutiny  might  be  made,  he  would  be  ) 
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bltt  to  detect  any ;  and  as  a  matter  of  coune,  while  a  connection  between 
them,  i.  e.  between  the  mover  and  the  object  moved,  could  not  be  discov- 
ered, it  would  be  impossible  for  him  aatjsfactorily  to  account  for  the  phe- 
nomenon. If  "  a  body  cannot  act  where  it  is  not  present,"  as  the  sucker 
of  a  pump,  on  water  at  a  distance  from  it,  how  could  such  a  person  ac- 
count for  the  ascent  of  that  water  in  obedience  to  the  movetnenis  of  Hm 
■ttckerl     And  how  could  he  explain  the  process  by  which  it  was  effected. 
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while  be  could  find  no  apparent  communication  between  tbera  t  Tlie  fact  ia 
it  would  be  difficult  for  mm  to  point  out  any  closer  connection  between 
the  pump  rod  and  the  water  in  the  well,  than  between  a  walking  cane  in 
the  (uuios  of  a  pedestrian,  and  water  under  tho  aurfaco  of  the  around 
over  which  be  stepped  ;  nor  could  he  assign  a  conclusive  reason,  why  the 
liquid  should  not  ascend  and  accompany  the  movements  of  the  latter  aa 
well  as  of  the  former. 

He  could  perceive  no  obvious  or  adequate  cause  for  tbe  elevation  of 
water  through  the  pipe  of  a  pump,  there  being  no  apparent  force  applied 
to  it,  or  in  the  direction  of  its  aacent,  no  vessel  or  moveable  pallet  going 
down,  as  in  the  preceding  machines,  to  convey  or  urge  the  liquid  up— and 
hence  he  could  no  more  comprehend  how  the  movements  of  a  pump  box 
(sucker)  above  the  surfcce  of  the  ground,  should  induce  water  in  a  well 
to  nuk  up  towards  it,  than  ha  could  explain  how  the  waving  of  a  magi- 
cian's wand  should  cause  spirits  to  appear. 

Long  familiarity  with  the  atmospheric  pump,  makes  it  hard  for  us,  at  the 
present  day,  to  realize  the  difficulties  formerly  eKpeiienced  in  accounting 
for  the  ascent  of  water  in  it.  Suppose  the  cause  yet  unknown  and  un- 
thought  of — it  certainly  would  puzzle  us  to  explain  how  a  piece  of  leath- 
er (the  sucker)  moving  up  and  down  in  a  vertical  tube,  whose  lower  ori- 
fice is  in  water,  some  twenty-five  or  thirty  feet  below  it,  should  conjure 
that  water  up.  Such  a  result  is  opposed  to  all  experience  and  observa- 
tion in  other  depaitmenls  of  the  arts;  nor  is  there  any  thing  like  it,  in  the 
machines  we  have  examined  in  the  preceding  book.  The  mechanism  by 
which  motion  is  transmitted  from  them  to  the  water,  is  obvious  to  the 
sensea-^  tangible  medium  of  communication  is  established  between  the 
force  that  works  them  and  the  water  they  raise;  whereas  in  the  pump,  an 
vwiiihle  agent  is  excited,  whose  effects  are  as  surprising  as  its  mode  of 
operation  is  obscure.  'Tis  true,  a  tube  (the  pump  pipe)  is  continued  from 
the  place  where  the  sucker  moves  to  the  water,  but  it  remains  at  rest,  or 
is  immoveable,  and  therefore  cannot  transmit  motion  from  one  to  the  other; 
it  is  merely  a  channel  through  which  the  water  may  rise — it  does  not 
raise  it. 

But  '■£,  in  order  to  establiab  a  connection  between  the  Eucker  and  water, 
iJie  farmer  were  made  to  descend  through  the  pump  Into  the  latter,  siill 
the  difficulty  would  not  be  overcome.  The  sucker  in  that  case  would  act 
much  tike  one  of  those  buckets,  used  In  some  wells,  which  has  an  opening 
in  ita  bottom  to  admit  the  water,  and  covered  by  a  flap  to  prevent  its 
return.  {The  sucker  is  in  fact,  merely  a  small  bucket  of  this  kind,  and  is 
■o  named  in  some  countries.)  In  both  cases  the  water  would  be  raised 
which  entered  through  the  valves — the  bucket  would  bring  up  all  it  con- 
tained, and  the  sucker  all  that  passed  through  it  into  the  pump ;  so  far  the 
operation  of  both  is  clear,  and  as  regards  the  raising  of  the  water  above 
the  valves,  would  be  the  same ;  but  it  is  the  ascent  of  a  column  of  water 
behind  the  sucker  that  requires  explanation — a  liquid  column  that  follows 
it  as  closely  through  every  turn  of  the  tube,  as  if  it  were  a  rope,  having 
its  fibres  at  one  end  &8tened  to  the  sucker  and  pulled  ttp  by  it.  What 

is  it  that  makes  this  water  ascend  agunst  a  law  of  its  nature — against 
gravity  T  Wore  the  coheuon  of  ita  particles  such  that  it  could  be  raised 
b^  a  foroe  applied  only  to  ita  upper  end,  then  indeed  the  difficulty  would  be 
diminished ;  but  in  that  case,  it  would  follow  that  a  similar  column  would 
ascend  after  a  bucket  when  drawn  out  of  an  4n>en  well ;  and  further,  that 
a  traveler  might  then  make  use  of  a  liquid  w^ing  stick,  to  asaist  him  in 
hia  Journeying. 

Bafiied  thus  in  our  attempts  to  find  a  solution  here,  we  perhaps  wnuld 
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begin  to  think,  thu  when  n  liquid  is  raised  in  the  pipe  of  a  pump,  it  miut 
be  by  some  force  acDog  behu),  or  behind  it,  a  force  a  Urgo,  as  it  is  named, 
And  of  which  all  the  preceding  machines  are  examples.  Thu.'  whee  a 
bucket  of  water  is  msed  from  a  well,  the  force  is  applied  oehind  it, 
i.e.  to  the  bottom  of  the  bucket,  through  the  cord,  bale,  andBid.'S,  to  which 
it  is  attached.  It  is  the  same  io  the  acrew,  the  force  continually  elevating 
a  pordon  of  it  immediately  hehmd  the  waier  j  and  in  the  tympanum,  no- 
ria,  chain  of  pots,  chain  pump,  &c.  it  is  the  same ;  the  vssaels  or  pallets 
go  below,  Le.  behind  the  liquid  and  urge  it  up  before  them.  It  is  the  same 
in  all  ordinary  motions.  I  wish  to  examine  a  small  object  laying  at  the 
foot  of  my  garden:  now  I  cannot  by  moving  this  ruler  in  its  direcuon,  in 
the  manner  of  a  pump  rod,  induce  it  to  move  to  me,  nor  can  it  ever  be  so 
moved,  until  the  force  of  some  other  body  in  motion  behittd  it  impel  it  to- 
wards me,  It  is  the  same  in  the  case  of  a  stubborn  boy,  who  not  only  re- 
fuses to  move  as  directed,  but  opposes  the  natural  inertia  of  his  body  to 
die  change,  and  therefore  can  only  be  impelled  forward  by  some  force  ap- 
plied direcdy  or  indirectly  behind  him,  by  dragging  or  pushing  him  along. 
In  this  wav,  all  the  motions  in  the  universe,  according  to  some  philoso- 
phers, are  imparted  or  transferred;  those  which  appear  exceptions  being 
considered  modifications  of  it.  Sdll  however,  the  ditEculty  of  estabUshing 
1  between  the  movements  of  the  sucker  in  the  interior  of  the 


pump  at  one  end,  and  this  force,  whatever  it  might  be,  acting  on  the  wa- 
ter,  outxide  of  it,  at  the  opposite  end,  would  remain ;  and  we  should  prol> 
ably  at  last  impute  this  ascent  of  water  (with  the  ancients)  to  some  inde- 
finable energy  of  nature,  both  fallacious  and  absurd  ;  nor  would  this  b« 
surprising,  ior  in  the  absence  of  a  knowledge  of  the  atmosphere  and  of 
its  properties,  rhere  reallv  is  ai  great  a  MY8TBKT  in  the  movements  of  a 
pump  rod  being  foUowea  by  the  ascent  of  the  liquid,  as  in  any  thing  ever 
attributed  to  the  divining  rod,  or  to  the  wand  of  Abaris. 

In  order  to  understand  the  operaucm  of  machines  beltwging  to  this  part 
of  the  subject,  and  also  the  principle  upon  which  their  acUon  depends,  wa 
inustleave,for  a  few  moments,  the  coiwderation  of  pumpa  and  pipes,  and  all' 
the  cotttHvancei  of  man,  and  turn  our  attention  to  some  ot  the  Creator's  worita 
as  they  are  exhibited  in  nature.  This  may  perhaps  be  deem«d  a  depar- 
ture from  the  subject ;  it  is  however  so  far  from  being  a  digression,  that  it 
is  essentially  necessary  to  ascertain  the  cause  of  water  ascending  in  thi< 
class  of  machines,  ai  well  as  to  understand  the  philosophy  of  numerous 
natural  as  well  a«  artificial  operations,  that  are  performed  by  apparabu 
analogous  to  them ;  as  the  acts  of  inspiration  and  respiration,  quaidrupeda 
drinking,  the  young  of  animals  sucking  their  dams,  children  drawing  nour- 
ishment from  their  mothers'  breasts :  bleeding  by  cupping,  by  leeches, 
or  by  the  more  delicate  apparatus  of  a  mnsketoe's  protKMCis ;  and  if 
things  ignoble  may  be  named,  the  taking  of  anoff,  smoking  of  cigars  and 
pipes  of  tobacco,  and  also  the  experiments  of  those  peripatetic  philasophers, 
who  perambulate  our  wharves,  and  imbibe  neei«r  through  straws  from 
hogsheads  of  rum  and  molasses. 

Every  person  is  aware,  that  the  earth  on  which  we  live  is  of  a  glohular 
or  spheroidal  figure,  and  that  it  is  envelc»>ed  in  an  invinble  ocean  of  air  or 
gas,  which  extends  for  a  great  number  of  miles  from  every  part  of  its  snr- 
&ce.  This  hollow  sphere  of  air  is  named  the  atmosphere,  and  is  one  of 
the  most  essential  parts  in  the  economy  of  nature.  It  is  the  source  u 
well  as  the  theatre  of  those  sublime  meteorological  phenomena  which  we 
consiandy  behold  and  admire.  It  is  necessaiy  to  animal  and  to  vegetable 
life.  Its  materia]  is  the  *  breath  of  life'  to  all  diings  living.  Tt  is  more- 
aver  the  pecuUar  element  of  land  animals,  the  scene  of  their  actions,  the 
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fluid  ocean  id  whi^  they  only  con  niove,  «aA  within  which  they  are  al- 
ways mmeried.  It  is  to  them,  what  the  sea  is  U>  fish ;  remove  them  from 
it,  and  they  necessarily  die.  In  some  respects  nature  hu  been  more  fa- 
vorable to  fishes  than  to  us  :  most  of  them  can  ascend  to  the  surface  of 
the  fluid  in  which  they  live,  but  we  can  only  exist  in  the  lowest  depths  of 
the  atmospheric  ocean  that  confines  us  :  if  we  ascend  but  a  little,  our 
energies  begin  to  fail,  and  we  are  compelled  to  descend  to  the  bottom,  the 
place  she  designed  us  to  occupy. 

Possibly,  some  people  may  suppose  that  the  veloci^  with  which  the 
earth  shoots  forwuxi  in  her  orbit,  might  sometimes  cause  this  atmosphere 
(which  hangs  as  a  mantle  so  loosely  about  ber)  to  be  left  floating,  like  the 
tail  of  a  comet,  behind ;  or  be  entirely  separated  from  her,  like  the  cloud  of 
Tapor  which  the  impetuous  ball  leaves  at  the  cannon's  mouth.  Such  how- 
ever is  not  the  fact ;  on  the  contrary,  it  revolves  uniformly  with  the  earth 
on  the  axis  of  the  latter,  and  accompanies  her,  as  a  pan  of  herself,  round 
the  sun.  Were  it  indeed  separateufrom  her,  but  for  a  moment,  either  by 
an  increase  or  diminution  of  her  velocity,  the  present  organiiation  of  na- 
ture would  be  destroyed  ;  every  mountain  would  be  hurled  from  ita  base ; 
ever^  house  on  the  globe  would  be  leveled  ;  and  no  human  being  could 
survive.  Had  tbe  atmosphere  not  a  rotatory  motion  also,  in  common 
widt  that  of  the  earth,  i.  e.  of  tbe  same  velocity  and  in  the  same  direction, 
a  very  different  stale  of  things,  as  regards  the  arts,  would  have  subsisted 
than  those  which  we  behold.  For  example,  a(!rial  navigation  would  cer- 
tainly have  superseded  nearly  all  traveling  by  land  and  water;  and  rail- 
roads, and  locomotive  carriages,  and  steamboats,  would  hardly  have  been 
known  ;  for  the  project  of  that  individual  who  proposed  to  visit  distant 
countries,  by  merely  ascending  in  a  balloon,  till  the  rotation  of  the  eutb 
on  its  axis  brought  them  under  him,  when  he  intended  to  descend,  would 
have  been  no  visionary  scheme. 

The  air  it  tangiile. — Although  tbe  substance  of  tbe  atmosphere  is  not 
visible,  it  is  taiigible  ;  vrofal  it  when  in  motion  a«  tmW,  whether  it  be 
gently  disturbed  as  in  the  evening  breete,  or  by  the  slight  waving  of  a 
lady's  &n!  or  when  greatly  excitm],  as  in  the  hurricane,  or  the  violent  blast 
from  a  bellows'  mouth.  We  also  #«  its  effects  wlien  thus  in  motion,  in 
the  direction  of  smoke,  extinction  of  our  tapers,  slamming  of  doors,  in  the 
beautiful  waving  of  grass,  and  of  tbe  full  eared  grain  of  the  fields ;  treea 
gelding  to  its  impulse,  buildings  unroofed,  and  sometimes  in  the  prostra- 
tion of  large  tracts  of  forests ;  in  windmills,  sailing  of  ships,  and  the  con- 
vulsions into  which  it  throws  the  othenvise  placid  ocean. 

Air  it  cotnpret*ibU. — Indeed  compressibility  and  expansibility  are  pro- 
perties of  all  bodies  j  by  the  abstraction  of  heat,  airs  are  compressed  into' 
liquids,  and  liquids  into  solids,  while  an  increase  of  temperature  expands 
solids  into  liquids,  and  these  into  airs.  In  the  common  air  gun,  four  or  Ave 
gallons  of  the  dense  air  around  us  are  compressed  into  a  pint,  and  by 
further  pressure  they  may  be  squeezed  into  a  few  drops  of  liquid,  which 
a  tea  spoon  might  contain. 

Its  expamibUity  or  dUatahUity  is,  so  far  as  known,  illimitable ;  the  space 
it  occupies  being  always  in  proportion  to  the  pressure  that  confines  it  If 
a  collapsed  and  apparently  empty  bladder  be  placed  under  a  receiver, 
and  the  air  around  its  exterior  be  removed,  the  small  portion  within  will 
expand  and  swell  it  out  to  its  natural  shape.  If  it  were  possible  to  with- 
draw the  whole  of  the  air  from  this  room,  and  a  globule  no  larger  thanapea 
were  then  admitted,  it  would  instantly  dilate  andfill  the  room.  The  upper 
strata  of  the  atmosphere  decrease  in  densi^  as  they  recede  from  the 
earth's  surface,  on  account  of  the  diminution  of  the  pressure  from  super- 


■■"S'^ 


Chap.  1.J  Air  Btds.  177 

UMDinbent  Strut,  and  Aaa  at  a  certain  bei^t  thu  imall  globule  of  air 
would  occupy  a  space  equal  to  the  earth  itaeif  I  And  at  the  height  of  four 
or  five  hundrad  miles,  it  has  been  calculated,  that  leM  than  a  teacup  foil 
of  the  air  we  breathe,  would  fiU  a  ephere  equal  in  diameter  to  the  very 
orbit  of  Saturn  !  The  efHcieocy  of  the  air  pump  in  producing  a  vacuum 
depends  entirely  on  this  property. 

Air  at  the  foot  of  a  raountain,  whoae  elevabon  is  between  three  and 
fbnr  miles,  occupies  twice  the  space  when  carried  to  the  top.  A  quart  ot 
it  taken  from  the  lummit  would  be  reduced  to  a  pint  if  conveyed  to  the 
bottom.  From  this  expansive  power  of  air  arises  its  dattkity.  This  is 
familiar  to  moat  people ;  for  when  confined  in  flexible  vessels,  as  air  beds, 
piUows,  life  preservers,  &c.  as  soon  as  any  weight  or  pressure  imping- 
mg  upon  them  is  removed,  the  elasticity  of  the  confined  fluid  pushes  up 
the  depressed  part  aa  before.  If  air  within  a  bladder  were  not  elastic,  the 
impressions  made  by  the  fingers  in  handling  it  would  remain  as  in  a  ball 
of  paste,  and  air  beds  would  retain  the  form  of  bodies  that  reposed  apaa 
them,  like  a  founder's  mould  of  sand  or  plaster.*     Tboee  extremely  light 

*  Air  bed*  are  not,  u  Hime  penaiu  tappoae,  of  modem  origin.  Tiiey  nere  known 
bvtiTMn  tbrei  and  four  haudred  yean  ago,  u  appear*  Trom  the  annaiedcnt,  (No.  68,} 
eosiod  from  aome  ^nre*  lUaclied  to  tha  fini  Gfliman  truulation  of  Tegetios,  A.  D. 
16lt.  It  rapwopli  loldwri  repoting  on  tbam  in  tinM  of  wit,  with  Iha  laoda  ofinA^ 
ting  Ihain  bj  beUawa 
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Thif  application  of  airwM  probably  known  to  the  Romani.  Hetiogabalus  lued  lo^ 
■»nia  hmwelf  with  the  gaeata  he  invited  to  hia  baoqaeta,  by  sealing  Ihem  on  Inree  baea 
or  beda,  "  fall  of  wind,"  which  being  made  auddeol;  to  coiJapae,  threw  the  guesla  en  the 
ground. 

Dr.  Arnott,  the  anthor  of  '  Elemento  of  Physiea,'  a  few  jeara  ago.  proponed  ■  H  vdro~ 
Malic  beda,'  eapecially  for  inTslida.  These  rip  eapBcioiK  bagB,  firmed  of  india-rubber 
elodi,  and  fillHT  with  wtOtr  itmead  of  ftathera,  hrjr,  &e.  Upon  ane  of  these  a  HOfl  and  thin 
■atiraaa  ia  laid,  and  then  the  ordinarjr  coverioM.    A  peraon  Soata  on  these  bed*  aa  on 
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Ub  of  caontoIuMM,  whieh  of  late  years  have  be«D  introdaeed  u  pirior 
toys  (of  children,  rebound  from  the  objects  they  atrika  by  the  aprin^  of 
the  air  they  coataio.  In  the  boy'a  pop  gun,  that  U  formed  of  a  quill,  the 
dny  pellet  ia  aent  on  ite  hannleaa  ettand  by  the  elastic  energy  of  the  com- 
preawd  fluid.  And  in  the  air  gun,  it  it  the  elastiel^  of  the  same  fluid 
thai  projecta  balls  with  the  force  of  euojiowder.  If  it  were  not  elastic, 
people  when  fanning  thenuelves  would  feel  it  thrown  against  their  per- 
•Our  like  water  or  land.  The  act  of  inhaling  it  would  bo  painful,  for  it 
would  enter  the  chest  by  gluts,  while  its  pulsations  in  sound  would  quickly 
destroy  the  membrsiies  of  the  ear- 
Perhaps  nothing  is  better  calculated  to  expand  our  ideas  of  the  proper- 
ties of  matter,  and  of  the  wonders  of  creation,  than  the  compressibili^ 
and  dilatability  of  air.  From  the  last  named  quality,  it  is  probable  that 
there  ia  no  such  thing  in  nature  as  an  aitoluU  vacuum  ;  and  the  best  of 
our  air  pamps  can  scarcely  be  said  to  make  even  a  rude  approximation 
to  one  I  Those,  whose  knowledge  of  nature  is  conRaed  to  impresnona 
which  things  make  on  their  senses,  may  suppose  that  the  extremes  of  so- 
lidity may  be  found  in  a  pig  of  lead  and  a  bale  of  spunge ;  although  the 
former  is,  in  all  probability,  as  full  of  interstices  as  the  Tatter ;  and  such 
persons  could  with  difHculty  be  made  to  believe,  that  the  entire  mass  of 
matter  (air)  which  ,^i^  a  space  so  immeasurably  large  as  to  baffle  all  cal- 
culation could  be  compressed  into  a  lady's  thimble,  and  even  aqueesed  in- 
*a  a  liquid  drop,  so  mmule,  as  scarcely  to  be  perceived  at  the  end  of  a 
needle. 

Like  all  other  matter  with  which  we  are  acquainted,  air  has  weight. 
This  property  is  not  naturally  evident  to  our  senses,  but  it  may  easily  be 
rendered  so.  By  accurately  weighing  a  bladder  when  filled  with  ur  si>d 
afterwards  when  empty,  it  will  he  Iband  heavier  when  full.  This  waa 
an  experiment  of  the  ancients,  but  the  moderns  have  ascertained  its  de- 
finite weight.  A  cubic  foot  of  it,  *tar  Hit  earth'i  rurface,  weighs  about 
1^  ounces  or  y^  part  that  of  water,  a  culnc  foot  of  the  latter  weighing 
1000  ounces ;  hence  the  expression  "  water  is  800  times  heaver  than  air." 
The  aggregate  weight  of  the  atmosphere  has  been  calculated  at  up- 
wards of  77  billions  of  tons,  being  equivalent  to  a  solid  globe  of  lead  60 
miles  in  diameter  ;  bonce  its  prature,  for  this  enormous  weight  reposea 
incessantly  upon  the  earth's  surface,  and  upon  ereiy  object,  animate  or 
inanimate,  solid,  liquid,  or  aeriform.  The  pressure  it  thus  exerts,  (in  all 
places  that  are  not  greatly  elevated  above  the  level  of  the  sea)  is  equal  to 
to  about  IS  lbs.  on  every  superficial  squareinoh.  Thus  an  ordinary  sized 
peraon  exposes  so  Urge  a  surface  to  its  influence,  that  the  aggregate 

water  alone,  for  the  liquid  in  the  bit|^  adapts  ilislf  to  the  uncTen  aufuw  oTlhe  bodj,  and 
■oppoits  tnetj  part  tepoaitig  open  it,  wilb  b  nnirorm  piMmre.  Wslac  bods  ware  how> 
ever  known  to  tbo  ancient^  for  Plutarch  (in  faia  life  of  Alexander)  itatea  that  the  people 


cock's  feimen 

work,  and  rometinie)  of  cloth  of  gold,  BedMeada  among  ths  rich  Greeks  and  R 
were  Bometiinea  of  ivory,  of  ebony,  and  other  rich  noodt,  with  inlaid  work,  and  figures 
in  reiief.  Some  were  of  msseive  iJver.  and  eTen  of  ^old,  with  leet  of  onyi.  They 
bad  tbem  aUo  of  iron.  One  of  that  mateiisl  wai  found  in  Pompeii.  The  earlieal  lae- 
tsllic  bedalaad  mentioned  in  biMory  is  that  of  Og,  king  of  Baahan.  IIm  Peraians  had 
slave*  eipreaaly  for  bed  moliiug,  and  the  art  became  famout  in  Home.  GoUeabeds 
often  formed  part  of  the  plunder  which  the  generals  exhibited  at  their  Irlumpba.  Tbe 
AtbeninupalTimagorw their ambaaaador  to  Penia  to  dealh,foT  aceepting  presenia 
from  tbe  king,  aioong  nbicb  waa  a  "  magnificent  bed  with  aervanl*  to  make  it''    Pt»- 
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prcMara  wliich  his  body  BOfltaiiM  if  not  lesa  dian  14  or  15  toDi.  "Not  lent 
dHn  wt&t  t"  once  exclaimed  an  elderly  and  corpulent  Udy.  "  Why  hovr 
on  that  be  1  We  could  neither  talk,  nor  walk,  nor  even  move ;  and  be- 
tides, air,  if  that  ii  the  case,  why  don't  CTe  feel  it  I"  For  a  very  simple 
reason,  though  at  the  first  view  not  a  very  obvious  one.  Air,  as  a  fluid, 
presses  eqoBJty  in  eivry  dirfctUm — upwards  as  well  as  downwards— side- 
ways and  every  way.  Its  oomponent  particles  are  so  inconceivably 
minute,  that  they  enter  all  substances,  «ven  liquids.  Air  Is  mixed  up  ura 
circulates  with  the  blood  of  all  animals ;  it  penetrates  all  the  raroilicatioii* 
and  innermost  recesses  of  our  porous  bodies,  and  by  the  pressure  of  its 
supenneumbent  strata  is  urged  through  them,  almost  as  freely  as  through 
the  Heeoe  of  wool  on  a  sheep's  back,  or  between  the  fibres  and  threads 
of  a  ball  of  silk.  Now,  it  is  this  circulation  throueh  the  interior  of  our 
bodies  that  balances  its  pressure  without.  If  its  weight  upon  us  were  not 
thus  neutralised,  we  certainly  could  neither  talk  nor  walk  :  the  lips  of  the 
loudest  speaker,  when  once  closed,  could  never  be  opened.  We  should  bo 
as  mute  and  immaetahle  as  if  enclosed  in  statues  of  lead.  And  we  should 
Jed  it,  too — that  is,  (or  a  moment;  for  it  would  as  effectually  crush  us  to 
death,  as  if  we  wars  placed  in  morEars,  and  pe*tUt,  each  weighing  14  or 
Ifi'tons,  were  suddenly  dropped  upon  us. 

It  is  the  air  within  the  breast  of  the  mother  that  forces  milk  into  an 
infant's  mouth,  when  the  latter,  by  instinct,  removes  the  external  pressure 
from  the  nipple  by  sucking.  It  is  the  same  with  all  mammiferous  animals. 
The  operation  of  copping  is  another  illustradon  of  the  same  thing ;  the 
rarefacuott  of  the  air  under  the  cup  produces  a  partial  vacuum  within  it; 
and  as  the  external  pressure  of  the  atmosphere  is  removed  from  th^t  part 
which  is  under  it,  the  internal  pressure  ai^s  the  blood  through  the 
wounds.  Were  cupping  instruments  applied  over  the  eyes,  those  organs 
would  be  protruded  from  their  sockets. 

As  it  is  the  preuwre  of  the  atmosphere  npon  which  the  action  of  tbe 
nacbinea  about  to  be  described  principally  depends,  we  shall  extend  our 
remarks  upon  it. 


Suppose  a  specimen  of  delicate  fillagrane  work,  formed  of  the  6nest 
threads  and  places,  and  of  the  human  form  and  sise,  were  sunk  in  water  to 
the  depth  of^  34  or  35  feet ;  it  would  then  be  exposed  to  the  tame  degrta 
of  pressure  to  which  our  bodies  ate  subject  from  the  atmoephere ;  and 
when  drawn  np,  it  would  be  found  uninjured,  because  the  water  entering 
into  all  its  cavities,  pressed  just  as  much  against  its  interior  surfaces  as  the 
liquid  around  it  against  the  exterior.  But  if  it  were  enclosed  in  a  skin  or 
flexible  covering,  impervious  to  water,  and  then  sunk  as  before,  the  pres> 
rare  of  the  liquid  around  its  exterior  (not  being  balanced  by  any  within) 
would  crush  it  into  a  sh^>eless  mass.  Just  so  would  it  be  with  our 
bodies,  and  those  of  all  terrestrial  animals,  if  the  air  within  them  did  not 
eouDteract  the  pressnre  without  And  as  long  as  this  interior  circulation 
renudns,  we  can  no  more  feel  the  pressure  of  the  atmosphere  than  a  fish 
feels  that  of  water ;  nor  can  we  be  deranged  or  compressed  by  it,  any 
mote  than  a  bundle  of  wool  is,  or  a  mass  of  entangled  wire.  It  was 
ignorance  of  this  simple  &ctr— air  in  the  interior  of  bodies  exactly  balancing 
&a  exterior  pressuro — that  led  the  ancients  astray,  and  induced  one  of  the 
most  sagaeioos  intellects  that  was  ever  clothed  in  humanity  (Aristotle)  to 
ascribe  this  pressure  to  "  nature's  abhorrence  of  a  vacuum." 

Since  the  inventioa  of  the  air-pnmp  in  1654,  numerous  experiments 
are  made,  which  demonstrate  the  pressnre  of  the  atmosphere.  By  it,  this 
pressure  may  be  removed  from  one  part  of  the  body,  while  it  is  left  free 
to  act  with  ondiminithed  energy  on  the  opposite  put ;  as  when  the  palm 
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of  the  hand  ia  Ikeld  orer  the  spenure  of  m  eshanated  raceiver,  the  weight 
or  pressure  of  the  air  on  the  back  being  no  longer  balanced  hy  iti  action 
on  the  palm,  the  hand  ia  irresistibly  held  to  the  veaiel.  A  criminal  or 
maniac,  whose  hands  and  feet  are  thus  treated,  would  he  as  effectually 
•ecured  as  by  fetters  of  iron.  Few  things  are  better  calculated  to  excite 
wonder,  and  even  horror,  in  the  savage  mind,  than  a  part  of  the  body 
being  thus  rendered  helpless,  as  if  spell-bound  by  aome  inrisible  agent 
A  few  years  ago,  an  experiment  was  made  with  the  chief  of  a  delegation 
of  Pottawatamiea  to  the  seu  of  government,  at  which  the  writer  was 
present  Althou^  the  interpreter  prerioualy  endeavored  to  make  them 
understand  the  intended  operation,  it  will  rradily  be  supposed  chat  auch 
an  attempt  muat  necessarily  have  been  fruitless.  When  the  receiver  was 
exhausted,  he  was  amazed  to  find  his  hand  immoveable,  and  dtat,  like 
Jeroboam's,  "  he  could  not  pull  it  in  azain  to  hiro."  In  his  endeavors  to 
free  it,  he  rapidly  uttered  the  characteristic  inteijecdona,  ugh !  u^ !  and 
at  last  shrieked,  as  if  in  despair  of  being  delivered  &oni  the  power  of  the 
white  enchanter ;  when  hia  attending  waniors  fionrished  their  tomahawks 
and  rushed  to  his  rescue,  as  if  roused  by  the  wai^whoop. 

It  is  not,  however,  necessat^  to  have  recourse  to  the  tir-pimip,  for 
proofs  of  atmospheric  pressure.  Numerous  opexvlioQs  daily  occur  in 
common  life  which  equally  estaUish  it.  When  a  person  waahes  hia 
hands,  if  he  lock  them  together  so  as  to  bring  the  palms  close  to  each 
other,  and  then  attempt  to  raise  the  central  parts  so  aa  to  Sam  a  cavity 
between  them,  at  the  same  time  keeping  the  extremitiea  of  the  palms  in 
close  contact,  he  will  feel  the  atmospheric  preaaurs  very  sensibly  :  if  the 
experiment  be  mode  under  water,  the  effect  will  be  more  obvious  still. 
AnalogouB  to  this  ia  the  attempt  to  open  the  common  household  bellows 
when  the  valvo  and  nozzle  are  closed.  The  boards  are  then  forced  open 
with  difficulty,  in  consequence  of  the  pressure  of  the  air  on  their  exterior 
not  being  balanced  by  ica  adniiaalon  within.  If  the  materials  and  joinix 
were  made  air-tight,  and  ^  orifices  per&ctly  cloaed,  the  strongest  man 
that  ever  lived  could  not  force  them  open.  This  experiment,  we  believe, 
was  familiar  to  the  ancients  ;  for  we  are  indebted  to  them  for  both  the 
blacksmith  and  domesUc  bellows.  Another  experiment  of  iheiis,  of  a 
similar  kind,  was  with  the  syringe.  When  the  small  orifice  is  closed  with 
the  finger,  the  piston  is  pulled  up  with  difficulty,  on  account  of  the  air 
pressing  on  its  surface ;  and  the  moment  we  let  go  of  the  handle,  it 
mstantly  drives  it  back,  in  whatever  ponlion  the  impkment  is  held. 
The  ordinary  syringe  seldom  exceeds  three-fourths  or  one  inch  in  diame- 
ter,  and  any  person  can  thuadraw  out  the  piston  ;  but  one  of  aix  or  seven 
inches  diameter  would  require  a  giant's  strength ;  and  one  of  a  foot  or 
fif^en  inches  would  resist  the  efforts  of  two  or  three  horses. 

Numoroud  illustrations  of  atmospheric  pressure  may  be  derived  &om 
the  animal  kingdom.  The  boa  constrictor  when  it  swallows  its  prey 
affords  one.  As  soon  as  this  serpent  has  killed  a  goat  or  a  deer,  he  covers 
its  surface  with  saliva  ;  this  appears  necessary  to  lay  the  long  hair  of  these 
animals  close,  in  order  to  prevent  air  from  passing  between  the  body  of 
the  victim  and  the  interior  of  the  devourer's  throat.  After  taking  the 
bead  into  his  mouth,  by  a  wonderful  muscular  energy  he  alternately  diiattt 
and  eohtracU  the  posterior  portions  of  his  body,  until  the  pressure  of  the 
atmosphere  forces  into  his  flexible  skin  an  animal  whose  bulk  greatly 
exceeds  that  of  his  own.  But  if  air  were  to  pass  between  the  body  of  the 
victim  and  the  dilatable  goUet  of  the  boa,  while  the  latter  was  making  a 
vacuum  to  receive  it,  the  pressure  of  the  atmosphere  would  be  neutralised 
a«  ^ectually  at  if  a  gaah  were  made  through  hJa  skin  in  front  of  the  vicdnu 
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The  tame  process  may  be  witnessed  in  ordinaty  snakes,  for  alt  serpenta 
twaJlow  their  prey  whole.  There  is  no  raasticft[ion  to  facilitste  degluti- 
tion. Their  upper  jsws  are  looaeiy  connected  Co  the  head,  so  that  the 
Dtoath  can  be  opened  very  wide,  to  admit  larger  aniraals  than  the  size  of 
the  serpents  would  lead  one  to  suppose. 

Such  examples,  it  must  be  admitted,  are  not  very  familiar  oaes ;  but 
there  is  an  experiment  not  much  unlike  them,  that  most  people  have  wit- 
nessed, and  not  a  few  perform  it  in  their  own  persons  almost  daily.  In 
every  ag;e  people  have  been  fond  of  oysters,  ana  numbers  of  our  citizens 
of^n  luxuriate  on  a  finer  and  larger  spedes  than  those  which  Roman 
epicures  formerly  imported  from  Britain.  Now,  when  a  gentleman 
indulges  in  this  food  in  the  ordinary  way,  he  affords  a  striking  illustration 
of  the  pressure  of  the  atmosphere.  A  large  one  is  opened  by  the  restau- 
rateur, who  also  loosens  the  animal  from  its  shell,  and  presents  it  on  one 
half  of  the  tatter.  The  imitator  of  the  boa  then  approaches  his  lips  lo  th« 
newty  slain  victim,  and  when  they  come  in  contact  with  but  a  portion  of 
it,  he  immediately  dilates  his  chest  as  in  the  art  of  inspirBiion,  when  tha 
sir,  endeavoring  to  rush  into  his  mouth  to  inflate  the  thorax,  drives  tha 
oyster^  before  it,  and  with  a  velocity  that  is  somewhat  alarming  to  an 
inexperienced  spectator.  If  any  one  should  doubt  this  to  be  effected  by 
atmospheric  pressure,  let  him  fully  inflate  his  lungs  previous  to  attempting 
thus  to  draw  an  oyster  into  his  mouth,  and -he  will  tind  as  much  difficulty 
to  accomplish  it  as  to  smoke  a  pipe  or  a  cigar  with  his  mouth  open. 

This  philosophical  mode  of  transmitting  oysters  to  the  Btiimach  is  iden- 
tical in  principle  with  that  proposed  by  Guerrioke  and  Papin,  for  shooting 
bullets  "  by  Ue  rarefaction  oi  air."'  A  leaden  ball  was  fitted  into  tha 
breech  of  a  gun-barrel,  and  the  end  being  closed,  a  vacuum  was  produced 
in  front  of  it ;  after  which  the  atmosphere  was  allowed  lo  act  suddenly  on 
the  ball,  when  it  was  driven  through  the  tube  with  the  velocity  of  a  thou- 
tnd   feet  in  a  second.     Just  so  with   the   oyster:  it  lays  inertly  a     ' 


orifice  of  the  devourer's  mouth — a  partial  vacuum  is  made  in  front  of  it 
by  the  act  of  respiration,  and  on  ditadng  the  chest,  the  atmosphere  drives 
it  in  a  twinkling  down  the  natural  tube  in  the  throat^though,  to  be  sure, 
with  a  veloci^  somewhat  1pm  than  that  of  bullets  through  Pspin's  gun. 

When  two  substances,  impervious  to  air,  are  fitted  so  close  as  to  exclude 
it  from  between  them,  they  are  held  together  by  its  pressure  on  thetr 
outsidas,  and  with  a  force  proportioned  to  the  extent  of  the  surfaces  in 
contact.  Pieces  of  metal  have  been  ground  together  so  close  as  w  be 
thus  united.  Two  pieces  of  common  window-glass  dipped  in  water,  and 
|H«3sed  together,  are  separated  with  dttKculty  ;  because  the  water  serves 
to  expel  the  air,  and  prevent  its  entrance.  G-lass  grinders  are  frei^uently 
inconvenienced  by  this  circumstance.  If  two  plates  of  glass  were  per- 
fecdy  plane  and  smooth,  so  as  wholly  to  exclude  the  sir  from  between 
them,  they  would  become  united  as  one.  We  have  heard  or  read  of  in- 
stances when  they  have  become  actually  one,  and  ware  cut  by  a  diamond 
as  an  ordinary  single  plate. 

The  boys'  '  sucker,'  or  '  cleaver,'  a  circular  piece  of  wet  and  thick 
leather,  about  the  size  of  a  dollar,  is  another  illustration.  This,  when 
pressed  against  a.  smooth  paWng  or  other  stone,  of  five  or  ten  lbs.  weight, 
may  be  used  to  raise  it,  by  means  of  a  string  attached  to  the  centra. 
If  one  of  these,  four  inches  in  diameter,  were  applied  to  the  cranium  of  a 
bald-headed  gentleman,  he  might  be  elevated  and  suspended  by  it.  Dr. 
Araott  recommends  them  to  elevate  depressed  portions  of  fractured  skuIU, 
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and  for  other  iurginl  operations.  Possibly  they  migtit  be  applied  with 
■ome  sdvuita^  to  the  soft  and  yielding  skulls  of  in&nia,  in  order  to  pn>> 
duce  those  eminpnces  upon  which  (according-  to  phrenologista)  the  habitj 
and  character  of  individuals  depend,  as  by  means  of  them  the  most  deura- 
ble  orgaDj  of  thought  and  passion  might  be  developed,  and  the  opposite 
ones  deprecsed. 

The  priociple  of  atmospheric  pressure  has  been  introduced  by  the 
great  Parent  of  the  universe  into  every  department  of  animated  and  in- 


animate  nature.     Not  only  does   it   perform   an  important   part  i 
vegetable  kingdom,  bat  the  movements  of  innumeralile  animals,  on  land 
uiu  in  water,  depend  upon  it ;  while  others  are  enabled  by  it  to  protect 


themselves   from   enemies,   and   to   secure    their   food    and    their    prey. 
There  is  something  inexpressibly  pleasing  in  examining  even  the  meanest 


specimens  of  the  Creator's  workmanshtp,  [if  such  an  expression  may  be 

allowed)  and  what  is  singular,  the  more  closely  we  search  into  them,  the 

e  proofs  do  we  meet  with  that  the  most  elaborate  and  the  most  effi- 


animals  vary  and  apply,  according  to  circumstances,  with  inimitable  dex- 
terity. Some  of  these  will  be  noticed  here ;  others  will  be  more  appro- 
priately introduced  in  subsequent  chapters. 

The  feet  of  the  common  house-fly  are  constructed  like  the  suckers  sbove 
named ;  and  hence  these  insects  are  enabled  to  run  along',  and  even  sleep, 
on  the  ceilings  of  our  rooms,  with  their  bodies  hanging  dowawaros. 
When  in  an  inverted  position  they  place  a  foot  on  an  object,  they  spread 
out  the  sole,  to  make  il  touch  at  every  part,  so  as  to  exclude  the  air  frtm 
between ;  and  when  the  weight  of  the  body  tends  to  draw  it  away,  the 
pressure  of  the  external  air  retains  it ;  until  the  fly,  wishing  to  move, 
raises  the  edges  by  appropriate  mechanism,  and  destroys  the  vacuum. 

There  is  not  a  more  interesting  subject  for  the  contemplation  of  mecha- 
nics than  the  movements  of  these  active  little  beings.  To  behold  them 
running  not  only  along  the  under  side  of  a  plate  of  glass,  but  also  up,  and 
more  particularly  doiPit  a  vertical  one,  with  such  perfect  command  over 
their  moUons,  is  truly  surprising.  In  the  latter  case,  from  the  rapidity  of 
their  movements,  and  the  fact  that  part  only  of  their  feet  are  in  contact 
with  the  glass  at  the  same  time,  one  might  suppose  the  momentum  of  their 
moving  bodies  would  carry  them  over  the  objects  thev  intended  to  reach ; 
instead  of  which,  they  dart  along  with  a  precision  and  ladlity  as  if  impelled 
by  volition  alone.  It  is  strange,  too,  how  they  are  enabled  to  produce 
a  suHicient  vacuum  between  their  tiny  feet  and  the  asperities  on  an  ordi- 
nary wall  or  ceiling]  And  with  what  celerity  it  is  done  and  undone! 
How  wonderful  and  how  perfect  must  be  the  mechanism  of  these  natural 
air-pumps ;  and  how  harmonious  must  that  machinery  work  by  which  the 
energy  of  the  insect  is  transmitted  to  them  I  Their  movementa  when  on 
the  wmg  present  another  source  of  pleasing  research.  Let  any  ingenious 
person  witness,  MvithonC  admiration  if  he  can,  a  few  of  them  in  a  door-way 
open  to  the  sun  :  one  or  two  will  be  found  floating  in  the  centre,  as  if  at 
rest,  until  disturbed  by  the  near  approachof  another,  when  they  dan  upon 
it,  either  in  play  or  in  anger,  and  drive  it  away;  tlien  resumiDg  their  sta- 
tions, they  remain  as  guards  upon  duty,  till  i»lled  to  eject  other  intruders. 
In  these  combats  they  vary  their  movements  into  every  imaginable  direc- 
tion ;  they  trace  in  the  air  every  angle  and  every  curve,  and  change  them 
with  the  velocity  of  thoughL  As  they  are  not  furnished  (tike  most  fishes 
and  birds)  with  rudders  in  their  tails,  to  assist  in  thus  changing  their  posi- 
tions, but  effect  it  by  modi^ing  the  action  of  their  wings,  how  enei^tio 
must  be  the  force  that  works  mese  I     And  what  perfect  command  muat 
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the  iiuect  pousH  over  tbem !  It  would  seem  as  if  they  tamed  tiuit 
bodies  in  various  directions,  by  diminighing  the  velocity  of  one  wing,  and 
increasing  that  of  th«  other ;  and  aiso  by  varying  the  angle  at  ^hich  they 
strike  the  air,  and  ducexd  by  closing  them  or  stopping  their  vibrations. 
And  with  what  vigcr  and  celerity  must  one  oFtheae  insects  move  its  deli- 
neate wings  in  order  to  derate  its  comparatively  heavy  body  !  Yet  this 
movement  is  made  quick  as  the  others.  It  bounda  upwards,  like  a  balloon 
released  from  ita  cords ;  now  sailing  through  a  room,  sweeping  round  our 
heads,  biusing  at  our  ears,  skimming  over  the  floor,  and  anon  invertini; 
its  body  and  resting  on  the  ceiling!  And  all  this  within  two  or  tbre« 
seconds  of  time,  and  without  any  apparent  exertion  or  fatigue.  Here  ii 
a  fruitful  subject  of  inqairy  to  the  machinist  and  aeronaut.  Alt  the  wonderg 
that  the  auutmaions  of  Maelzel  and  Maillordet  ever  wrought,  are  nothing 
compared  to  those  thu  may  vet  be  accomplished  by  studying  the  oi^am* 
cation  and  motions  of  these  living  machines. 

But  there  are  larger  animals  than  flies  that  suspend  themselves  in  on 
inverted  position.  Mr.  Marsden,  in  his  "  History  of  Sumatra,"  (London, 
ISli,  p.  119)  mentions  liaardi  four  inches  Iodk,  which,  be  observes,  are 
the  largest  reptiles  that  can  walk  in  an  inverted  situation.  One  of  tbom, 
of  size  Butheient  to  devour  a  cockroach,  runs  on  the  ceiling  of  a  room,  and 
in  that  situation  seizes  its  prey  with  the  utmost  facility.  Sometimes, 
however,  when  springing  too  eagerly  at  a  fly,  they  lose  their  hold,  and 
<lrop  to  the  floor. 

The  Gtciu>  of  Java  and  other  countries  is  furnished  with  similar  ap- 
paratus  in  its  feet,  by  means  of  which  it  runs  ap  the  smoothest  polished 
walls,  and  even  carries  a  load  with  it,  equal  in  weight  to  that  of  its  own 
body.  Osbeck  mentions  lizards  in  China  that  ran  up  and  down  the  walU 
with  such  agility  as  "  they  can  scarce  be  caught."  The  tree/ri^  of  this 
country  adheres  to  the  leaves  of  trees  by  the  tubercles  on  its  toes  ;  a  young 
one  has  sustained  itself  in  an  inverted  position  against  the  under  side  of  a 
plate  of  glass.  From  the  observations  of  E.  Jesse,  author  of  'Gleanings 
of  Natural  History'  it  appears  that  common  fnigs  can  occasionally  do  the 
same.  His  account  is  very  interesting :  "  I  may  here  mention  a  curious 
observation  I  made  in  regard  to  some  frogs  that  hod  fallen  down  a  small 
area  which  gave  light  to  one  of  the  windows  of  my  house.  The  top  of 
the  area  being  on  a  level  with  the  ground,  was  covei«d  over  with  some  iron 
bars  through  which  the  frogs  fell.  During  dry  and  warm  weather  when 
they  could  not  absorb  much  moisture,  I  observed  them  to  appear  almott 
torpid  i  but  when  it  rained  they  became  impadent  of  their  confinement 
and  endeavored  to  make  their  escape,  which  tney  did  in  the  following  man- 
ner. The  wall  of  the  area  was  about  five  feet  in  height  ana  plas- 
tered and  white-washed  as  smooth  as  the  ceiling  of  a  room  ;  upon 
this  surface  the  frogs  soon  found  that  their  claws  would  render  them  littlff 
or  no  assistance  ;  they  therefore  contracted  their  large  feet  so  as  to  make 
a  hollow  in  the  centre,  and  by  means  of  the  moisture  which  they  had  im> 
bibed  in  eonaequence  of  the  rain,  they  contrived  to  produce  a  vacuum,  so 
that  by  the  pressure  of  the  air  on  their  extended  feet,  (in  the  same  way  that 
ve  see  boys  take  up  a  stone  by  means  of  a  piece  of  wet  leather  fastened 
to  a  string)  they  ascended  the  wall  and  mode  their  escape.  This  happen- 
ed constantly  in  the  course  of  three  yean." — Phil.  Ed.  1833.  p.  140. 

Innumerable  orustoceous  animals  adhere  to  rocks  and  smnes  ny  the  same 
principle.  But  it  is  not  the  smaller  inhabitants  of  either  the  land  or  tho 
seA,  as  flies,  spiders,  hutterfiies,  bees.  So:,  some  of  which  scaroely  weigh 
n  grain ;  or  lizards  and  frogs,  tec.  of  five  or  six  ounces,  which  thus  saitoa 
tbenuelves  agsinM  gnvity ;  fbr  the  enormous  walrus,  ibot  sometimei  Mc* 
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eeedi  &  ton  in  weight,  is  fumulied  bjr  the  Creator  viA  melogoiiB  ■pparatni 
in  his  hinder  feet;  uidthm climb*  by  umoaphehc  preuure,  the  glauy  «r- 
&ces  of  icQ-berga.  How  forcibly  do  these  esunples  illustrate  the  intimaM 
comiection  which  subsists  between  the  vsrioufl  depannients  of  Natural  Pht- 
losophy.  A  knowled^  of  one  aivaj/i  furnishes  e  key  (whether  it  be  used  or 
not)  to  open  some  of  the  mysteries  of  aaotber.  Thus  a,  peraon  wbo  under- , 
stands  the  principle  by  which  water  is  raised  in  a  simple  pamp,  can  by  it  ex- 
plain some  of  the  most  lurpHisinK  fiicts  in  the  oatural  history  of  animals ; 
and  solve  problems  respecting  the  roodons  and  orG;Bns  of  motions  of  nu- 
merous tribes  of  animated  beings,  which  two  or  three  centuries  agn,  the 
most  enlightened  philosophers  could  not  comprehend.  And  with  a  simple 
pump,  he  can  moreover  determine,  as  with  abarometer,  the  measurement  of 
all  accessible  heights,  and  with  a  degree  of  accuracy  that,  in  soma  cases, 
]■  deemed  preferable  to  getKiietrical  demonstrations. 

When  two  substances  are  brought  together,  at  some  dist&nce  bdote  the 
■urface  of  water,  and  so  as  to  exclude  it  from  between  them,  they  are 
then  pressed  together  with  a  force  greater  than  when  in  the  air,  be- 
cause the  weight  of  the  perpendicular  column  of  water  over  them  is 
then  added  to  uiat  of  the  atmosphere.  Numerous  examples  of  this  com- 
bined pressure  are  also  to  he  found  in  the  natural  world.  By  it,  variooa 
species  of  fish  adhere  to  rocks  and  stones  in  the  depths  of  the  sea,  from 
which  they  cannot  be  eepanted  except  by  tearing  their  btwlies  asunder. 
Some  by  means  of  it  attach  themselves  to  the  bodies  of  others,  and  there- 
by traverse  the  ocean  without  any  expense  or  exertion  of  their  own,  some- 
what like  dishonest  travelers,  who  elude  the  payment  of  their  fare.  There 
are  several  species  of  fisbee  known  which  have  a  separate  organ  of  adhe- 
Hon,  and  there  are  doubtless  many  more  which  have  not  yet  come  under 
the  obeervation  of  man.  The  most  celebrated  is  the  remora  or  nrking 
fish  of  Dampier  and  other  navigators.  It  Ja,  in  size  and  shape,  ninilar  to 
a  large  whiUng,  except  that  the  head  is  much  flatter.  "  From  the  bead  to 
dte  middle  of  its  back,  (observes  Dampier)  there  ^oweth  a  sort  of  flesh  of 
a  hard  gristly  substance,  like  that  of  the  limpet.  This  excrescence  is  of  a 
flat  oval  form,  about  7  or  8  inches  long,  and  5  or  6  broad,  and  rising  about 
half  an  inch  high.  It  is  full  of  small  ndges  with  which  it  will  fasten  itself 
to  any  thing  that  it  meets  with  in  the  eea.  When  it  is  fair  weather  and 
but  little  wind,  they  will  play  about  a  ship,  bnt  in  blustering  weather,  or 
when  the  ship  sails  quick,  they  commonly  fasten  themselves  to  the  ship's 
bottom,  from  whenoe  neither  the  ship's  modon,  though  never  so  swif^  nor 
the  most  tempestuous  sea  can  remove  them.  They  will  likewise  fasten 
themselves  to  any  bigger  fish,  for  they  never  swim  fast  tbemeelves,  if  they 
Uttel  mth  any  thing  to  carry  them.  1  have  found  them  sticking  to  a  shark 
•Aer  it  was  hal'd  in  on  deck,  though  a  shark  is  so  strong  and  boisterous  a 
fish,  and  throws  about  him  so  vehemently  when  caught,  and  for  half  an 
hour  together,  that  did  not  the  sucking  hsh  sbck  at  no  ordinary  rate,  it 
most  needs  be  cast  oflTby  so  much  violence."*  They  are  familiar  to  most 
of  our  seamen.  Other  species  have  a  circular  organ  of  adhesion,  consist- 
ing of  numerous  soil  papillis,  and  placed  on  the  thorax,  instead  ef  the 
top  of  the  head,  as  in  (lie  remora.  In  some  fii^  the  ventral ^lU  are  united 
moA  are  capable  of  adhesion.     In  the  lamprey  the  moitth  contracts  and 

'  Dampier'B  Vayajfes.  vi.  ediL  1717,  Vol.  J,  U.  ud  Vol.  ii,  put  iii.  p.  1]0.  In  lbs 
die  plitea  oT  Vol,  lii,  ii  a  figure  of  one.  Figurei  of  the  siereMeoe*  or  iDckiaf  part 
of  t£e  remora,  and  of  the  Teet  of  die  bons»4l)r,  maf  bo  •eeii  in  Dr.  Biewsur'i  Lattsn 
nt  Naiuial  Hagio. 
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ken  u  a  ludcer ;  wliilfl  diat  cnrioiia  wninul  tbe  cattle  fith  Hcnred  tlie  vi«- 
tuu  tbat  &11  into  it*  fwal  embmces  hy  the  Bneksrs  on  iu  anu. 

The  prodigious  preMure  that,  at  great  depths,  nnitea  these  inhabitants  of 
the  sea  ta  their  pray,  led  man  to  employ  them  to  hunt  the  leafbr  his  benefit 
aa  well  aa  their  own.  Both  the  lemora  and  lamprey  tribe  have  been  nsed 
lor  thia  purpoae.  ColumbuB  when  on  the  coast  of  St.  Domingo  was  greatly 
suipriaed  on  beholdins;  the  Indiana  of  that  island  fishing  with  them.  "  They 
hatf  a  atnall  fiih,  the  flat  bead  of  which  waa  furnished  with  mimeroiu  suck- 
en,  by  which  it  attached  itself  so  firtnly  to  any  object  as  to  be  tom  in 
pieces  rattler  than  abandoa  its  hold.  Tying  a  long  string  to  the  tail,  the  la- 
dians  permitted  it  to  swim  at  large  :  it  generalhr  kept  near  the  surface  till 
it  perceived  it«  prey,  when  darting  down  swifUy  it  attached  itself  to  the 
throat  of  a  fish,  or  to  the  under  ihell  of  a  tortoise,  when  both  were  drawn 
np  by  the  fiahenaau."     Fordinand  Columbna  saw  a  shark  caught  in  this 

The  same  mode  of  fishing  waa  followed  at  Zanguebar,  on  the  eastern 
coast  of  AlHca.  The  inhalutaBts  of  the  coast  when  fishing  for  turtle, 
"  take  a  living  anching  fish  or  remora,  and  &stening  a  couple  of  strings  to  it, 
(one  at  the  head  and  the  other  at  the  tail)  they  let  the  sucking  fish  down 
into  the  water  on  the  turtie  ground,  among  the  half  grown  or  young  turtle; 
and  when  they  find  that  the  fish  hath  fastened  himself  to  the  back  of  a  tm> 
tie,  as  he  will  soon  do,  they  dtsw  him  and  the  tartle  up  together.  Thia 
wav  of  fishmg  as  I  have  heard  is  also  uaed  at  Madagnscar."'' 

The  remora  was  well  known  to  the  andents.  History  has  preserved 
a  fabolona  account  of  their  having  the  power  to  stop  a  veetel  under  sail, 
by  attaching  themselves  to  her  rudder.  A  Roman  ship  belonging  to  a 
fleet,  it  is  said,  was  thoe  arrested,  when  she  "  stoode  atil  as  if  she  hod  lien 
at  anker,  not  stirring  a  whit  ont  of  her  place."  There  is  another  illustra* 
tion  of  the  enormous  pressure  that  fishes  endure  at  great  depths.  The 
■mall  volume  of  air  th^  is  contained  in  the  bladder,  and  by  the  expansion 
and  contraction  of  which  they  ascend  and  descend,  is  at  the  bottom  of  the 
•ea  compressed  ioto  a  space  many  time*  smaller  than  when  they  swim 
near  the  surface.  (At  33  feet  from  the  suHkce  it  occupies  but  one  half) 
Hence,  it  frequently  occors  that  when  such  fish  are  rnddtidy  drawn  np, 
(as  the  cod  on  the  banks  of  Newfoundland)  the  membrane  bursts,  in  coo- 
•eqnence  of  the  diminished  pressura,  and  ihe  ur  rushing  into  the  abdomen, 
Ibrcet  the  intestines  out  of  the  mouth.  From  a  similar  cause,  blood  i> 
forced  out  of  the  earaof  divers,  when  the  bell  that  contains  them  ta  quickly 
drawn  up.  This  pressure  is  also  evinced  in  the  &cttbat  the  timber  of 
foundered  vessels  never  rises,  because  the  pores  become  completely  filled 
with  water  by  the  pressure  of  the  superincumbent  mass,  and  the  wood 
^en  beaomes  almost '  heavy  as  iron.* 

The  pressure  of  the  atmosphere  on  liquid*  is  equally  obvious.  When 
a  bucket  or  other  vessel  is  sunk  in  water  and  then  raised  in  an  inverted 
position,  the  ur  being  excluded  from  acting  on  the  suHace  of  the  liquid 
within,  still  presses  on  that  without,  so  that  the  water  is  suspended  in  the 
vessel ;  and  if  the  under  surface  of  the  liquid  could  be  kept  level  and  at 
rest,  water  might  be  transported  in  buckets  thus  turned  upside  down,  as 
flfiectually  as  in  the  ordinary  mode  of  conveying  it ' 

The  eaperiment  with  a  goblet  or  tombler  presents  a  very  neat  illustra- 
tion. One  of  these  filled  with  water,  and  having  a  piece  of  writing  paper 
laid  orer  it,  and  held  close  till  the  vessel  be  inverted,  wiU  retain  the  liquid 

•JlviiV'>'^oliunba«,  Vol.  1,273.    'DiapiBT'iToyaget,  Vol.  ii,  part  ii,  108. 
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within  it  In  this  experiment  the  paper  merely  prcBeirei  the  liquid  sap- 
face  level :  it  remsins  perfectly  free  and  loose ;  and  so  far  from  bein^ 
close  CO  the  edge  of  the  glass,  it  tnay,  while  the  latter  is  held  in  a  horiion- 
tal  position,  be  withdrawn  several  lines  from  it  without  the  water  escaping; 
ana  it  may  be  pierced  full  of  small  holes  with  the  same  effect 

If  an  inverted  vessel  be  filled  with  any  material  that  excludes  the  air, 
umI  whose  specific  gravity  is  greater  than  that  of  water,  when  lowered 
into  the  latter,  the  contents  will  descend  and  be  replaced  by  the  water. 
A  bottle  filled  widi  sand,  shot,  &c.  and  inverted  in  water,  will  have  its 
content*  exchanged  for  the  latter.  As  these  substances,  howeter,  do  not 
perfectly  fill  the  vessel,  and  of  f^nrse  do  not  exclude  all  the  air,  the 
experiment  succeeds  better  when  the  vessel  contains  heavy  liquids,  as 
mercury,  sulphuric  acid,  Jtc.  It  is  sud  that  negroes  in  the  West  Indies 
often  insert  Uie  long  neck  of  a  bottle  filled  with  water,  into  the  bang-holes 
of  rum  puncheons,  when  the  superior  gravity  of  the  water  (in  this  case) 
descends,  and  is  gradually  replaced  widi  the  lighter  spirit 

In  the  preceding  examples  and  those  in  subsequent  chapters,  it  will  be 
(bund  that  wherever  a  vacuity  or  partial  vacuum  is  formed,  the  adjacent 
air,  by  the  pressure  above,  rushes  in  and  drives  before  it  the  object  that 
intervenes,  until  the  void  is  filled.  If  the  noszle  of  a  pair  of  bellows  be 
closed,  either  by  the  finecr  or  by  a  small  valve  opening  uuIwardH  ;  and  » 
short  pipe,  the  lower  end  of  which  is  placed  in  water,  be  secured  to  the 
opening  in  the  under  board  which  is  covered  by  the  clapper ;  then  if  the 
bellows  be  opened,  the  pressure  of  the  atmosphere  will  drive  the  water 
Up  the  pipe  to  fill  the  enlarged  cavity,  and  by  then  closine  the  boards, 
the  titjuid  will  be  expelled  tnroujjh  uie  noizle.  Bellows  thus  arranged 
become  sucking  or  atmoapherie,  and  forcing  pumps.  When  the  orifice  of 
a  syringe  is  inserted  into  a  vessel  of  water  and  the  piston  drawn  np,  the 
air  having  no  way  to  enter  the  vacuity  thus  formed  than  by  the  small 
orifice  under  the  surfiice  of  the  liquid,  presses  the  water  before  it  into  the 
body  of  the  syringe. 

As  every  machine  described  in  this  book,  and  most  of  those  in  the  next 
one,  both  proves  and  illustrates  atmospheric  pressure  on  liqnids,  we  need 
not  enlarge  further  upon  it  here.  There  are  however  some  other  parti- 
culars  relating  to  it,  which  are  necessary  to  be  known :  first,  that  its 
pressure  is  limited ;  and  secondly,  that  it  varies  in  intensity  at  different 
TOTts  of  the  earth,  according  to  their  elevation  above  the  surface  of  the  sea. 
These  important  facts  are  clearly  established  in  the  accounts  given  of  the 
discovery  of  the  air's  pressure,  a  sketch  of  which  can  scarcely  be  ont  of 
place  here,  since  it  was  a  pump  that  first  drew  the  attention  of  modern 
philosophers  to  the  subject,  and  which  thereby  became  the  proximtM 
cause  of  a  revolution  in  philosophical  research,  that  will  ever  be  consi- 
dered an  epooh  in  the  history  of  science. 
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CHAPTER    II. 


In  the  year  1641,  a  pamp-nMlwr  of  Floreoce  made  &n  atmospheric,  or 
whu  wks  called  a  nuJun^  pump,  die  pipe  of  which  sxtcnded  from  fiO  to 
60  feet  above  the  water.  WfaeD  put  in  operation,  it  waa  of  oour«e  inca- 
pable of  railing  any  orer  32  or  33  feet.  Supposing  this  to  have  been 
occasioned  by  lome  defect  in  the  cunatruction,  the  pump  waa  carefnlly 
examined,  and  being  found  perfect,  the  operation  was  repeated,  but  with 
the  aanie  results.  Afler  numerons  trials,  the  superintendent  of  the  Qrand 
Duke's  water  works,  according  to  whose  directions  it  had  been  made, 
oonsulted  Oalileo,  who  was  a  native  of  the  city,  and  then  resided  in  it. 
Previous  to  this  occurrenoe,  it  was  universally  aapposed  that  water  was 
raised  in  pumps  by  an  occult  power  in  nature,  which  resisted  with  con* 
eiderable  tbrce  all  attempts  to  maka  a  void,  but  which,  when  one  wa< 
made,  used  die  same  force  to  fill  it,  by  urging  the  next  adjoining  substance, 
if  a  fluid,  into  the  vacant  apace.  Thus  in  pumps,  when  the  air  was  with- 
drawn from  their  upper  part  by  the  'tucker'  nature,  being  thus  violated, 
instantly  forced  water  up  the  pipes.  No  idea  was  entertained  by  philo- 
sophers at  this  or  any  preceding  period,  that  we  know  of,  that  this  force 
was  limited !  that  it  would  not  as  readily  force  water  up  a  perpendicular 
tube,  from  which  the  air  was  withdrawn,  100  feet  high  ss  well  as  80—40 
die  top  of  a  hizh  building  as  well  as  to  that  of  a  low  one. 

When  the  circumstances  attending  the  trial  of  the  pump  at  Florence 
were  placed  before  Gralileo,  (his  attention  having  probably  never  before 
been  so  closely  directed  to  the  subject)  he  could  only  reply,  that  nature's 
abhorrpnce  to  a  vacuum  was  limited,  and  that  it  "  ceased  to  operate  above 
the  height  of  32  feet"  This  opinion  given  at  the  moment,  it  is  believed 
was  not  satisfactory  to  himself;  and  his  attention  having  now  been  mused, 
there  can  be  no  doubt  that  he  would  have  discovered  the  real  cause,  had 
he  lived,  especially  as  he  waa  then  aware  that  the  atmosphere  did  exert  a 
definite  pressure  on  objects  on  thg  surface  of  the  earth.  But  at  that  period 
this  illustrious  man  was  totally  blind,  nearly  80  years  of  age,  and  Within  a 
few  mnnths  of  his  death.  The  discovery  is  however,  in  some  nwasere, 
due  to  him.  It  has  also  been  supposed  that  he  eommnnicated  his  ideac 
on  the  snbject  to  Torricelli,  who  lived  in  his  family  and  acted  as  his 
-  -  is  during  the  last  three  months  of  his  life. 

n  1643  that  Torricelli  announced  the  great  discovery  that  w 


ras  raised  in  pumps  h^  the  pressure  of  the  air.  This  he  established  by 
'ery  satisfactory  experiments.  The  apparatus  in  his  first  one,  was  made 
n  imitation  of  the  Florentine  pump.     He  procured  a  tube  60  feet  long. 


and  secured   it  in  a  perpendicular  position,  with  its  tower  end  ii 

then  having  by  a  syringe  extracted  the  air  at  its  upper  end,  he  found  the 

water  rose  only  38  or  33  feet,  nor  could  be  by  any  effort  induoe  it  Ut 
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a«cend  Uglier.  He  then  reduced  the  lengUi  of  xb»  pipe  to  40  feet,  witboot 
any  better  luccew.  It  now  occurred  to  bim,  that  if  it  really  waa  tlw 
atmosphere  whicb  aapported  this  column  of  w&ter  in  tke  pipe,  iheo,  if  bs 
employed  tome  other  lujuid,  the  specific  gravi^  of  which,  compared  with 
that  of  water,  was  knauiK,  a  colnmii  of  such  liquid  would  be  suHtained  in 
the  tube,  of  a  length  prvportwned  U>  ilt  graoitg.  This  beautiful  thought 
he  soon  submitted  to  the  test  of  experiment,  aod  by  a  very  neat  and  simple 
apparatus 

Quicksilver  being  14  times  heavier  dian  water,  he  selected  it  a*  the 
most  suitable,  since  the  appantns  would  be  more  raaoageaUe;  and  from 
the  small  dimensions  of  the  requisite  tube,  a  syringe  to  e:ihaust  tbe  air 
could  be  dispensed  with.  He  therefore  took  a  RJ^  tube  about  four  feet 
long,  sealed  at  one  end  and  open  at  the  other.  This  he  completely  filled 
with  quicksilver,  which  of  course  expelled  the  air ;  then  placing  his  finger 
on  the  open  end,  he  inverted  the  tube,  and  introdnced  the  open  end  below 
the  surface  of  a  <]uantity  of  mercui^  in  an  t>p«n  vessel ;  then  moving  thtt 
tube  into  a  vertical  position,  he  withdrew  his  finger,  when  part  of  the 
tnercuty  descended  into  the  basin,  leaving  a  vacuum  in  the  upper  part  of 
the  tube,  while  the  rest  waa  supported  in  it  at  the  height  of  about  28 
inches,  as  he  had  suspected,  bemg  one-fourteenth  of  the  height  of  the 
(tqueous  column.  This  umple  ana  traly  ingenioua  expeiiment  was  fre- 
quently varied  and  repeated,  but  always  with  the  same  result,  and  must 
have  imparted  to  Tumcelli  the  most  exquisite  gratificatian.* 

Accounts  of  Torricelli's  expetiments  were  soon  spread  throughout  En* 
rope,  and  every  where  caused  an  nnparalleled  excitement  among  philoeo- 

Ehers.  This  was  natural,  for  his  discovery  prostrated  the  Ions  cherished 
ypoihesis  of  nature's  abhoreuce  of  a  vacuum;  and  at  the  same  time,  opened 
unexplored  regions  to  scientific  research.  It  met  however  with  much 
opposition,  particularly  from  the  •Tesuits  ;  in  many  of  whom  it  ia  said  to 
have  exeited  a  degree  of  '  horror*  similar  to  that  experienced  by  them  on 
the  publication  of  Galileo's  dialogues  on  the  Ptolemaic  and  Copemican 
system*.  They  and  others  resisted  the  new  doctrine  with  great  perse- 
verance, and  even  endeavored  to  reconcile  the  results  of  the  experiments 
with  the_^^  vaad  they  so  long  had  cfaerlsli'ed.  It  waa  ingeniously  con- 
tended that  the  experiment  with  quicksilver  no  more  proved  that  the  force 
which  sustained  it  m  the  tube  "was  the  preasut«  of  the  atmosphere,  than  the 
column  of  water  did  in  the  first  experiment ;  allowing  this,  it  proved  that 
this  force,  whatever  it  was,  varied  in  its  effects  on  different  liquida,  accord- 
ing to  their  specific  gravity  ;  a  fact  previously  unknown,  and  apparently 
inconsistent  with  nature's  antipathy  to  avoid,  which  might  he  supposed  to 
produce  the  same  effects  on  ul  fluids — to  have  aa  great  an  abhoreuce  to 
mercury  as  to  water. 

During  the  discussion  great  expectatipns  were  entertained  by  the  advo- 
cates of  the  new  doctrine  from  Torricelli ;  but  unfortunately,  uiis  philoso- 
pher died  suddenly  in  the  midst  of  his  pursuits  and  in  die  very  vigor  of 
manhood,  viz.  in  hia  39th  year.  This  took  place  in  1647.  The  subject 
was  however  too  interesting,  and  too  important  in  its  consequences,  to  be 
lost  sight  of.  He  had  opened  a  new  paUi  into  the  fields  of  science,  and 
philosophers  in  every  part  of  Europe  had  rushed  into  it  with  loo  much 
ardor  to  be  stopped  by  hia  decease.     Among  the  most  eminent  of  those 
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WM  Pases],  a  French  raadiemfttKna'D  and  divine.  In  U46  ba  nndertcxA 
to  verify  the  experimenU  of  Xorrioelli,  uid  Kill  further  to  vary  tbem. 
He  aaei  tubei  of  ^Ibm  fbr^  feet  long,  having-  one  end  closed  to  avoid 
the  lue  of  a  syringe.  He  filled  one  wiui  wine  and  another  with  water,  and 
inverted  them  into  basins  contuaing  the  same  hfjnida,  after  the  manner  of 
TorrioelU's  mercurial  oKperiiaent.  As  the  apeciiic  gravity  of  these  liijuidi 
waa  not  the  some,  he  aotictpated  a  difference  in  the  length  of  the  two  co< 
luinns  {  and  such  was  the  fact.  The  water  remained  suBpended  at  the 
height  of  thirty-one  feet  one  inch  and  four  lines;  while  the  lighter  wine 
Mood  at  thirty-three  feet  three  inches.  Pascal  was  attacked  with  great 
virulence  by  Father  Noel,  a  Pariman  jeanit,  who  resisted  the  new  doctrine 
with  infuriate  eoal,  as  if  it  also  was  heresy,  tike  Galileo's  doctrine  of  the 
earth's  motion  round  the  sun. 

AAor  making  several  experiments,  one  at  length  occnred  to  Pascal, 
which  be  foresaw  would,  if  successful,  efTectnally  silence  all  objectors. 
He  reasoned  thus :  If  it  is  really  the  weight  or  pressure  of  the  atmosphere, 
that  sustains  water  in  pumps,  and  mercury  iu  the  tube,  then,  the  iiUeiuiti/ 
of  this  pressure  will  be  tat  on  the  top  of  a  mountain  than  at  its  foot,  be- 
cause there  is  a  less  portion  of  air  over  its  summit  than  over  its  base  ;  if 
therefore  a  column  c^  mercury  is  sustained  at  S8  or  any  other  number  of 
inches  at  the  basa  of  a  very  high  mountain,  this  column  ought  to  diminish 
gradually  as  the  tube  is  carried  up  to  the  top;  whereas,  if  the  atmosphere 
has  no  connection  with  the  ascent  of  liquids,  (as  contended)  then  the  mer< 
ou^  will  remain  the  same  at  all  elevations,  at  the  hose  as  at  the  summit. 
Bomg  at  Paris,  he  addressed  a  letter  to  his  brother-in-law,  M.  Perrier, 
(in  1647)  from  which  the  following  is  an  extract !  "  I  have  thought  of  an 
experiment,  which,  if  it  can  be  executed  with  accuracy,  will  alone  he  suf- 
ficient to  elucidate  this  subject.  It  is  to  repeat  the  Torricellian  experi- 
ment several  times  in  the  same  day,  with  the  same  tube,  and  the 
same  mercui? ;  sometimes  at  the  root,  sometimes  at  the  summit  of 
a  monntain  five  or  six  hundred  fathoms  in  height.  By  this  mesns 
we  shall  ascertain  whether  the  mercury  in  the  tube  will  be  at  the 
same  or  a  different  height  at  each  of  these  stations.  You  perceive  with- 
out dosbt  that  this  experiment  is  decisive ;  for  if  the  column  of  mercury 
be  lower  st  the  top  of  the  hilt  thsn  at  the  base,  as  I  think  it  will,  it  clear- 
ly shows  that  the  pressure  of  the  air  is  the  sole  cause  of  the  suspensioD 
of  the  mercury  in  the  tube,  and  not  the  horror  of  a  vacuum ;  as  it  is  evi- 
dent there  is  a  longer  column  of  air  at  the  bottom  of  the  hill  than  at  the 
top  i  bat  it  would  be  absurd  to  suppose  that  nature  abhors  a  vacuum 
more  at  the  base  than  at  the  stimmit  of  a  hill.  For  if  the  suspension  of 
the  mercury  in  the  tube  is  owing  to  die  pressure  of  the  air,  it  is  plain  it 
must  be  equal  to  a  column  of  air,  whose  dismeler  is  the  same  with 
that  of  the  mercurial  column,  and  whose  height  is  equal  to  that  of  the 
atmosphere,  from  the  surface  of  the  mercury  in  the  basin.  Now  the  base 
remaining  the  same,  it  is  evident  the  pressure  will  be  in  proportion  to  the 
height  oftho  column,  and  that  the  higher  the  column  of  air  is,  the  longer 
will  be  the  column  of  mercury  that  will  be  sustained."  This  eaiipmme»- 
titm  cnieit,  was  made  on  tlie  10th  September,  164S,  the  year  oiler  Torn- 
oetli's  death,  on  the  Pny  de  Dome,  near  Clermont,  the  highest  mountain  in 
France ;  and  the  result  was  just  as  Pascal  had  anticipated.  The  mercuiy 
fell  in  the  tube  as  M.  Perrier  ascended  with  it  up  the  mountain,  and  when 
be  reached  the  summit  it  was  three  inches  lower  thsn  when  at  the  base. 
The  experiment  was  repeated  on  different  sides  of  the  mountain,  and 
continued  by  Perrier  till  1661,  but  always  with  the  some  results.  Psa- 
osl  made  outers  on  the  top  of  some  of  the  steeples  in  Paris ;  and  oB 
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proved  the  uine  important  truth,  viz.  t}iM  tlie  fretntn  of  the  ktmotphere 
was  tlisi  m^Bterious  power,  which  noder  the  name  of  nature'*  abhorreoc* 
to  a  vacuum  had  ao  long;  eluded  the  reaearchee  of  philoaophera.  The  sub- 
ject wa«  taken  up  in  England  by  Boyle,  who  pursued  it  with  unremitted 
ardor,  aud  whose  labors  have  immortalised  his  name  ;  but  it  was  Germany 
that  bore  off  the  most  valuable  of  the  prizes  whii^  the  discovery  offered 
to  philosiiphers.  The  Torricellian  experiment  gavt  rue  to  the  aik  pomp  ; 
and  ID  1664,  a  Prussian  philosopher,  a  mathematician  and  a  magistrate, 
OUa  Gutrricke,  of  Magdebur^h,  made  public  experimpnts  with  it  at  Ratis- 
boD,  before  the  emperor  of  (rermany  and  several  electoni.  Soma  authors 
•«cribe  the  Mtvn/ioii  of  thepump  to  Caudido  del  Buono,  one  of  the  mem- 
bers of  the  Acedemio  del  Cimento  at  Florence,  and  intimate  that  the  first 
essBVH  with  it  were  only  made  by  Querricke. 

Ine  apparatus  of  Torricelli,  i.  e.  the  glass  Cube  and  basin  of  mercury, 
was  named  a  baroscope,  and  afterwards  a  barometer,  because  it  meoMtred 
the  pressure  of  the  atmosphere  at  all  elevations ;  hence  to  it,  engineers 
in  all  parts  of  the  earth  may  have  recourse,  to  determine  the  perpendicular 
length  of  the  pipes  of  atmospheric  pumps. 

Another  apphcation  of  the  barometer  was  the  natural  result  of  Perrter** 
first  experiment  on  the  Puy  de  Dome.  As  he  ascended  that  mountain 
with  it,  the  mercury  kept  falling  in  exact  proportion  to  the  elevation  to 
which  the  instrument  was  carried ;  hence  tC  is  obvious,  that  when  the 
tube  is  properly  gndualed,  it  will  measure  the  height  of  mountains,  and 
all  other  elevations  to  which  it  can  be  carried.  By  it,  aeronauts  deter- 
mine the  height  to  which  they  aacend  in  batloona  The  obnerrations  of 
Perrier  were  continued  daily  from  1649  to  1651,  during  which  he  per- 
ceived that  the  height  of  the  column  slightly  varied  with  the  temperature, 
wind,  rain,  and  other  circumstances  of  tlie  atmosphere  ;  and  hence  the 
instrument  indicated  ehangtM  of  totather,  and  became  known  and  is  atill 
used  as  a  "  aeather  glat*,"  The  extent  of  these  variations  is .  about 
three  inches,  generally  ranging  from  twenty-eight  to  thirty-one,  and  are 
principally  confined  to  the  temperate  aones.  In  tropical  regions,  the 
pressure  is  nearly  uniform,  the  mercury  standing  at  about  thirty  inches 
throughout  the  year.  These  facts  have  an  important  bearing  on  our  sub- 
ject ;  for  an  atmospheric  pump  or  siphon,  with  a  perpendicular  pipe  thirty- 
four  or  thirty-live  feel  long,  might  operate  during  certain  states  of  the  at- 
mosphere, while  in  others  it  could  not;  and  in  some  parts  of  the  earth  it 
would  be  altogether  useless. 

It  will  appear  in  the  sequel,  that  the  physical  properties  of  the  atmos- 
phere which  we  have  enumerated,  must  necessanly  be  understood,  in 
order  perfectly  to  comprehend  the  action  of  the  machines  we  have  to  de- 
scribe. As  regards  the  atrial  pressure,  its  limits  and  variation  at  different 
altitudes,  we  need  only  remaric,  that  a  sucking  pump  or  a  siphon,  which 
raises  water  thirty-three  feet  in  New-York  and  Buenos  Ayres,  London 
and  Calcutta,  St.  Petersburgh  and  Port  Jackson  in  New  Holland,  could 
not,  in  the  city  of  Mexico,  elevate  it  over  twenty-two  feet;  and  at  Quito, 
and  Santa  Fe  de  Bogota  in  South  America,  and  Gondar  the  capital  of 
Abyrsinia  twenty  feet,  on  account  of  the  great  elevation  of  these  cities  ; 
(from  the  seme  cause,  the  preasure  ef  the  atmosphere  on  Mont  Blanc  is 
only  about  half  that  on  the  plains)  and  if  Condamine  and  Humboldt, 
when  on  the  summit  of  Pinchincha,  had  applied  one  to  raise  water  there,  or 
on  the  side  of  Aniisana,  at  the  spot  where,  from  the  great  rarity  or  tanui^ 
of  the  air,  the  face  of  the  latter  philosopher  was  streamine  wiui  blood,  hu 
attendant  fainted,  and  the  whole  party  exhausted,  it  would  not  have  raised 
water  over  twelve  or  fourteen  feet;  (the  mercurv  in  the  barometer  fell 
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to  (burt«en  incbes  wTen  Hues,]  while  on  tbe  tiigbeit  ridge  of  the  Uinw- 
lavu,  it  would  acareely  niie  it  eight  or  ten  feet.  Without  a  knowletlgo 
of  atrial  preBSure,  it  is  obviou*,  that  engineen  who  visit  Mexico,  u)d  the 
upper  regions  of  South  Amerioo,  kc.  might  get  into  a  quandary  greatly 
mora  perplexing  than  that  in  which  the  Florentine  was,  when  be  applied 
to  Galileo :  but  we  believe  the  period  has  nearly  gone  hy,  for  mechanic* 
to  remain  ignorant  of  those  principleH  of  science,  upon  which  their  profes- 
■iona  are  based. 

It  perhaps  may  he  aalted,  Were  the  limits  to  which  water  can  be  raised 
by  the  atmosphere  not  known  before  Galileo's  time  I  Undoubtedly  they 
were.  Pump  makers-mustalways  have  been  acquainted  with  them;  al- 
though philosophers  might  not  have  noticed  the  fact  or  paid  any  atientiou 
to  the  subject.  Why  then  did  the  Italian  artists  make  such  a  one  as  that 
to  which  we  have  referred}  Simply  because  they  were  ordered  to  do 
so,  as  any  mechanic  would  now  do  under  similar  circurastances :  at  die 
same  time  they  declared  that  it  would  not  raise  the  water,  although  ihey 
could  not  assign  any  reason  for  the  assertion.  It  wbs  indeed  imposaible 
for  ancient  pump  makers  to  have  remained  ignorant  of  the  extent  to  which 
their  machines  were  applicable.  A  manufacturer  of  them  would  naturally 
extend  their  application,  as  occasions  occurred,  to  wells  of  every  depth, 
until  he  became  familiar  with  the  &ot  that  the  power  which  caused  the 
water  to  ascend,  was  limited — and  until  he  detected  the  limits.  Afler 
using  a  pump  with  success,  to  raise  water  twenty-five  or  thirty  feet, 
when  he  came  to  apply  it  to  wells  of  forty  or  fifty  feet  in  depth  without 
lengthening  the  cylinder,  he  would  necessarily  leam  the  important,  and 
to  him  mysterious  fact,  that  the  limits  were  then  exceeded :  and  after 
probably  going  through  similar  examinadons  and  consultations,  as  those 
which  took  place  at  Florence  in  the  17th  century,  the  unvarying  result 
^vould  become  *o  firmly  established,  that  eveiy  workman  would  leam  it 
trodidonally,  as  an  essential  port  of  his  profession  :  and  if  in  sncceedinz 
ages,  the  knowledge  of  it  became  lost,  the  experience  of  every  individuid 
pump  ra^er  must  have  soon  taught  him  the  same  truth.  Attempts  then 
simiUr  to  those  of  the  Florentine  engineer  occurred  frequently  before,  but 
leading  to  no  important  result,  the  particulars  of  them  have  not  been  pre- 
•ervea  i  nor  is  it  probable  that  those  relating  to  the  Italian  experiment 
would  have  been,  had  not  the  father  of  modern  philosophy  been  consulted, 
«nd  had  not  his  pupil  Toiricelli  taken  up  the  subject. 


CHAPTER 


Notwithstanding  the  alledged  ignorance  of  the 
physical  properties  of  the  atmosphere,  there  are 
nistoiy  whicn  seem  to  indicate  tne 


reverse ;  or  which,  at  any  rate,  show 
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dMt  air  wu  a.  fraqaent  subject  of  inveitigBtioD  widi  tlieir  plulotO|rinn, 
and  that  it*  influence  in  aome  aatural  pheDomena  wb»  welt  understood. 
Thui  Diog^enee  of  Apollonia,  the  dieciple  and  saooasaor  of  Anaximenea, 
reasoned  on  its  oondauation  and  rar^action.  Accordiogto  Aristotle,  Em- 
pcdoclea  accounted  f(M-  respiration  m  animals  hy  the  t^eigAt  of  the  air, 
which  said  he,  "by  OBpretturt  insinuates  itaelf  with  force  into  the  Innn." 
Pluiarch  expreaaes  in  the  very  same  terms,  the  sentiment*  of  Asclepiades, 
representing  him  among  odier  thinga  as  saying  that  the  external  air,  "  2y 
iu  vieight,  opened  its  way  with  force  into  the  breast."  Lucretius,  in  ex- 
plaining the  property  of  the  loadstone  in  drawing  iron,  observed  that  it 
repelled  the  intervening  air  betwixt  itself  and  the  iron,  thus  fornuDg  a 
vacuum,  when  the  iron  is  "  putiwd  tut  by  the  air  bekind  it."  Plutandi 
was  of  the  same  opinion.*  Vitruvius  speaks  of  the  pressure  of  air,  Arch, 
book  viii,  c^.  3.  When  Flaminius,  during  the  celebn^tian  of  the  Isthmi- 
an games,  proclaimed  liberty  to  Hms  Greeks,  the  shont  which  the  people 
gave  in  the  transport  of  their  joy  wu  »o  great,  that  some  crows,  which  hap- 
pened  to  be  then  Bying  over  their  heads,  fell  down  into  the  theatre.  Plu- 
tarch among  other  explanations  of  the  phenomenon,  suggests,  that  th« 
"  sound  of  so  many  voices  being  violently  strong,  the  parts  of  the  air  were 
•eparatod  by  it,  and  a  void  left  which  afforded  the  birds  no  supporL"^ 

But  if  the  ancients  did  not  detect  or  comprehend  the  direct  pressure  of 
die  atmosphere,  they  were  not  ignorant  of  its  effects,  or  of  the  means  of 
exciting  iL  They  in  fact  employod  air  in  many  of  their  devices  as  success- 
fully a*  the  modems.  They  compressed  it  in  air  guns,  and  weighed  it  in 
bladders ;  its  elasticity  produced  continuous  jets  in  their  fountains  and 
force  pumps,  in  the  same  manner  as  in  ours ;  by  ita  pressure,  they  raised 
water  in  syringes  and  pumps,  and  transferred  it  through  siphons,  precisely 
as  we  do ;  they  excluoed  its  pressure  from  the  upper  surface  of  water 
in  their  sprinkling  pots,  and  admitted  it  to  empty  them,  as  in  the  modern 
liquor  merchant'*  ta^tr.  That  they  had  eomdenmig  air  puraps  is  evident 
from  the  triad  jstw  of  Ctesibius,  as  well  as  others  described  by  Vitruvius, 
b.  X,  cap.  13 ;  and  it  is  probable  that  they  emploved  air  in  nnmerous  other 
machines  and  for  other  purposes,  but  of  wtiich,  from  the  loss  of  their 
writings,  no  account  has  been  preserved.  See  Vitruvius.  book  x,  cap.  1, 
where  some  are  referred  to,  and  Phny  Nat.  Hist,  book  xix,  cap,  4. 

It  would  be  in  vain  to  attempt  to  discover  the  origin  of  devices  for 
tniaing  liquids  by  the  pressure  of  the  atmosphere,  for  it  would  require  a 
knowledge  of  man  and  of  the  state  of  the  arts,  in  those  remote  ages  of 
which  no  record  is  extant.  That  machines  for  the  purpose  were  made 
long  before  the  commencement  of  history  is  certain,  for  recent  discov- 
eries have  brought  to  light  the  highly  interesting  fact,  that  tijihoju  were 
known  in  Egypt  14S0  years  before  our  era,  i.  e.  3S90  year*  ago  !  At 
which  period  too  they  seem  to  have  been  in  more  common  use  in  that 
country,  than  they  are  at  this  day  with  us.  [See  Book  V,  for  an  acconut 
of  these  instruments.] 

The  retention  of  water  in  ineated  vessels  while  air  is  excluded  from 
them,  could  not  have  escaped  observation  In  the  rudest  ages.  Long  ere 
oatura!  phenomena  had  awakened  curiosity  in  the  human  mind,  or  roused 
the  spint  of  philosophical  inquiry  and  research,  it  mn»t  have  been  noticed. 
When  a  person  immerses  a  bucket  in  a  reservoir  and  raise*  it  in  an  in- 
verted position,  he  soon  becomes  sensible  that  it  is  not  the  weight  of  the 
vessel  merely  which  he  has  to  overcome,  but  also  that  of  the  water  within 

'  Dalen's  Inaniiy  into  ib«  Oricin  of  the  Dtseovsries  attributed  totbs  Modems.  Loo. 
176B,  pp.  18S,  187  XXL    '  Lift  of  Flaminius. 
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it;  and  not  till  dw  mootb  energos  into  air  do  the  eooMnM  rruh  out  sad 
leav«  tbe  bucket  alune  in  his  Isanda.  This  is  one  of  tboie  cirauiniUiicea 
dutt  hu  oeonrred  mora  or  1«m  rnHjuently  to  moBt  p«rwHii  in  everjr  age.  It 
would  be  ttbaurd  to  tuppoM  that  th«  |^up»  of  oriental  iemales  wbo, 
from  tka  remotaat  time*,  hav«  aMembled  twice  a  day  to  visit  the  fountaiDa 
or  rivers  for  water,  did  not  often  perfornithe  experiment,  both  incidentally 
and  by  design.  They  could  not  in  fact  plunge  tbeirwater  pota  (which  ware 
ofVen  without  handles)  into  the  gushing  fount  without  occasionally  repeating 
it;  nor  could  Andromache  and  her  maids  till  buckets  to  water  the  horses 
of  Hector,  and  daily  charge  pitchera  in  the  stream  for  domestic  uses,  with- 
out being  sometimes  diverted  by  it.  But  the  pbenomenon  thus  exhibited 
was  not  confined  to  such  occasions;  on  the  contrvy,  it  constJuitly  ooeurred 
in  every  dwelling.  An  ancient  domettic  like  a  modem  bouse-maid,  could 
hardly  wash  a  cup  or  rinse  a  goblet  by  vnmertitm,  without  encountering  iL 
Besides  the  vessels  named,  tlwre  were  others  that  formed  part  of  the  oiw 
dinary  kitchen  furniture  of  the  ancients,  (see  figures  of  some  on  page  16) 
the  daily  use  of  which  would  vary  and  illustrate  it.  These  were  long 
necked  and  narrow  mouthed  vases  and  bottles,  that  retained  liquids  when 
inverted  like  same  of  our  viala.  Others  were  still  further  contracted  in 
the  mouth,  as  the  Ampvlia,  which  gave  out  its  contents  only  by  drops. 
To  the  ordinary  use  of  these  vessels  and  to  incidental  experiments  made 
with  them,  may  be  traced  the  origin  of  ourjmmtam  lamps  and  inkstand^ 
bird  fountains,  and  other  similar  applioations  of  the  same  principle. 

The  suspension  of  a  liquid  in  inverted  vessels  by  the  atmosphere,  wa« 
therefore  well  known  to  the  early  inhalntants  of  the  world,  whether 
tbey  understood  the  reason  of  its  suspension  or  not;  and  when  in  subse- 
quent times  philosophers  began  to  search  into  causes  and  effects,  the  phe- 
nomenon was  well  calculated  to  excite  their  attention,  and  to  lead  them  to 
inquiries  respecting  air  and  a  vacuum  ;  it  is  probable  that  it  did  so,  for  the 
earliest  experiments  on  these  subjects,  of  which  we  have  any  accounts,, 
were  similar  CO  those  domestic  manipulations  to  which  we  have  alluded,, 
and  the  principal  instrument  employed  was  simply  a  modification  of  a  gob- 
let inverted  in  water.  This  was  the  atmospheric  ' iprinkliiig  fot'  or- 
'  watering  siphon,' which  is  so  often  referred  to  by  the  old  philosophers,, 
in  their  disputes  on  a  piamm  and  a  vaeuttm.  It  has  long  been  obsolete, 
and  not  having  been  noticed  hy  modem  authors,  few  general  readers  are- 
■ware  that  such  an  instrument  was  ever  in  use,  much  less  that  it  formed, 
part  of  the  philosophical  apparatus  of  the  ancient  world. 

The  interesting  associations  connected  with  it  and  its  tnodificatianseii-- 
title  it  to  a  place  here.  Indeed  were  there  no  other  reason  for  attempting 
to  preserve  it  a  tittle  longer  from  oblivion,  than  that  indicated  at  the  close- 
^F  the  last  paragraph,  we  should  not  feel  justiSed  in  passing  it  by.  It  is 
moreover,  (or  aught  that  is  known  to  the  contrary,  the  earliat  instrument) 
employed  in  hydro-pneumatical  researches.  Its  general  form  and  uses 
may  be  gathered  from  the  remarks  of  Athenagoras  respecting  it.  This 
philosopher,  who  flourished  in  the  fifth  century,  B.  C.  made  use  of  it  to. 
illustrate  his  views  of  a  vacuum.  "  This  instrument  (says  he)  which  is 
acuminated  or  pointed  towards  the  top,  and  made  of  clay  or  any  other 
malarial,  (and  used  as  it  often  has,  for  the  watering  of  gardens)  is,  in  the 
bottom  ver)-  large  and  plain  [flat]  but  full  of  small  holes  like  a  sieve,  but' 
at  the  top  Ims  only  one  large  hole."*  When  it  was  plunged  in  water,  the- 
liquid  entered  through  the  numerous  holes  in  its  bottom ;  after  wbieb^ 
the  single  opening  at  top  was  closed  by  the  finger  to  exclude  the  air;  lbs- 

■As  ^bMmI  bjr  BwitMT  from  Boiler,  Hfd.  167. 
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▼•Met  uid  ita  cantenu  vera  then  niwdi,  utd  the  Utter  diachargcd  ■! 
pleuure  by  removing  the  finger. 

As  thi»  wfta  tbe  ancient  gardem  pot  of  die  Greeks,  Pliny  probably  re- 
fers u>  it  when  he  speaks  of  '  sprinkling'  water,  oil,  vinegar,  &c  on  plants 
■nd  roots*  It  appears  to  have  been  continued  in  use  for  such  purposes 
in  Europe,  tbrou^  the  middle  ages  ;  and  to  a  limited  extent  up  to  the  17t}) 

'  ■"'  ■     '     "■       !*of  ita      ' 


Figures  of  it  are,  however,  rarely  to   be  met   witlt, 
lor  it  seems  to  have  been  nearly  forgotten  when   the  discovery   of  Torri- 
celli  revived  the  old  discussions  on  a  vacuum ;  and  though  Boyle  and  others 
then  occasionally  referred  to  it,  few,  we   Ijelieve,  gave   its  figure.*     Mont- 
&uoon  speaks  of  examining  an   ancient  '  watering  stick,'   and  also  a 
'sprinkling   pot,'   but   unfortunately   he   has   not  described   either.''     Of 
a  great    number   of    old   philoiophical     works    that 
we  have   examined   for  the   purpose   of  obtaining  a 
figUK,  we  met  with  it  only  in   Fiudd's   works.     The 
annexed  cut  is  from  bin  De  Natursp  Simia  seu  Tech- 
nica  macrocosmi  bistoria.'    Oppenheim,  1618,  p.  473. 
The  mode  of  using  it  is  too  obvious  to  require  expla- 
nation.    It  was  pushed  into  water  in  the  position  re- 
presented ;  the  liquid  entered  through  the  openings 
in  the  bottom,  driving  the  air  out  of  Ibe  atnall  orifice 
at  the  top;  and  when  it  was  filled,  the  person  using 
it  placed  his  finger  or  thumb  on  the  orifice   and   then 
moved  the   vessel   over   the  plants,  &c.  he  wished  to 
water ;  discharging  the  contents  by  raising  the  finger. 

Ila.<a    JUcintWutrliipM. 

The  application  of  this  instrument  as  a  '  garden  pot'  may  sometimes  be 
found  portrayed  in  devices,  rebuses,  viznettes,  &c.  of  old  printers.  In 
the  title  page  of  Godwin's  Annals  of  Henry  VIII,  Edward  VI.  and 
Mary,  (a  thin  latin  folio  published  in  1616}  it  is  represented.  No.  70  is  a 
copy.  There  is  a  similar  engraving  on  the  title  page  of  a  volume  on 
&nmng,  &c.  entitled  '  Meiaon  Rustique,'  translated  from  the  French,  and 
j>ublished  in  London  by  John  Itlip,  the  same  year. 


I  NihlO.    WUarlBiplutiwltk  tbaAtegqibwkBptlaUiacFot. 

Independently  of  the  sprinkling  pot,  the  cut  is  interesting  u  exhibiting 

■  Nit  HisL ivii,  11  ud  38 ;  lii,  18;  ■iidxv,17.  * DictiotuiaiK  De  Tttvoni,  Art. 
ImMoir.  '  BoTle's  PbiloMphical  works,  by  Shaw,  Lmi.  I7S5.  Vol.  ii,  pp,  140, 144. 
'Italian  Disi;,  Un.  1736,  S96. 
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die  uicient  mode  of  trftnsplButing.  It  appears  that  two  men  were  gener- 
aUy  employed  in  the  operation  ;  one  to  aet  the  treei  or  plants,  and  another 
to  water  them;  a  custom  to  which  St.  Paul  alludes  in  1  Cor.  iii,  G— & 
Sometimes  '  he  that  watered'  used  two  pots  at  the  same  time,  holding  one 
in  each  huid.  As  these  vessels  were  not  wholly  disused  in  Shakespeare's 
time,  it  is  probable,  that  to  them  he  refers  in  Lear  : 

Why,  tbia  would  uuike  a  mau,  a  msn  at  salt,  [twn] 
To  DM  hii  eyu  for  garden  water  poti.  Act  4.  Scon  G. 

Modifications  of  them  were  adapted  to  various  purposes  by  the  ancients. 
They  were  used  to  drop  water  on  floors  in  order  to  lay  the  dust,  in  both 
Greek  and  Roman  houses,  Their  general  form  was  that  of  a  pitcher  or 
vaae,  and  their  dimensions  varied  with  their  uses.  Some  of  the  small- 
est had  but  a  single  hole  in  the  bottom.  They  formed  part  of  the  ordin- 
ary culinary  apparatus,  and  were  also  used  in  religtoua  services.  Among 
the  antiquities  disinterred  at  Pompeii,  some  have  been  found.  No.  71 
represeuta  one :  it  is  of  glass,  the  upper  part  of  the  tube  or  neck  is  want- 
ing, having  been  broken  off.  Perhaps  this  part  resembled  the  form  indi- 
cued  by  the  dotted  tines  which  we  have  added. 

0  No.  7S,  also  of  glass, 
has  been  pronounced  'a 
wine-taster,  the  air  hav- 
ing been  exhausted  by 
sucking  at  the  small  end.' 
It  is  more  likely  thot  tiM 
wide  part  was  inserted  in- 
to wine  jars  or  amphorta, 
and  the  cavity  filled  with 
that  liquid  precisely  as  in 
the  sprinkling  pot,  and 
KftTi,     flpiKUuiidWiH-tuttrbMifMBpimp^  samples   then  withdrawn 

by  closing  the  small  ori- 
fic«  with  the  finger  as  in  the  modern  instrument,  which  is  shewn  at  No. 
76,  and  as  in  the  dropping  tube,  one  form  of  which  is  figured  at  No.  77. 
The  general  form  of  No.  72  assimilates  it  to  those  drinking  vessels  of  the 
ancients,  which  they  held  at  a  distance  in  front,  and  directed  the  stream 
issuing  from  the  smali  end   of  the   vessel   into  the   mouth ;   a  mode   still 

Sractised  in  some  parts  of  the  Mediterranean,  and  Hy  the  natives  of  Ceylon, 
umatra,  Malabar,  See. 

One  of  the  most  singnlar  facts  connected  with  the  religious  iustitudoris 
of  the  ancient  heathen,  was  the  extent  to  which  they  carried  the  practice 
<^  sprinkling :  almost  every  thing  was  thus  purified ;  men,  animals,  trees, 
water,  houses,  food,  clothing,  carriages,  &c.  In  performing  the  ceremony 
various  implements  were  used  to  disperse  the  sacred  liquid.  A  wisp 
mode  of  horse  hair  attached  to  a  handle  was  common.  A  branch  from 
certain  trees,  and  sometimes  a  small  broom,  were  used ;  in  other  cases 
perforated  ressels  were  employed.  Thus  the  Bramins  in  some  ceremonies 
uke  a  vessel  of  water,  and  after  presenting  it  to  the  gods,  they  sprinkle 
the  li(]uid  with  monguier  leaves,  on  carriages,  animals,  &c.  in  others  it  is 
"  sprinkled  through  a  cullender  with  a  hundred  holes  on  the  head  of 
the  father,  raodier  and  child."*  The  priests  of  the  ancient  Scandinavians 
also  used  a  vessel  "  prepared  like  a  watering  pot,  with  which  they 
sprinkled  the  altars,  the  pedestals  of  their  gods,  and  also  the  men."^     The 


Tbs  efaaplar  npon  si 
boixb,  1793. 
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Jewish  pri«su  commonly  used  a.  breach  of  hytiop,  trat  oocasionally  a 
piece  of  wool,  and  aometiraes  the  fingen.  ''The  priest  Bhall  dip  hisfinger 
ID  the  oil  and  gprinkle  it."  The  Greeks  and  Homans  hid  not  only  founts 
or  vases  of  boly  wusr  in  their  temples  for  the  vue  of  worehippen,  who 
dipped  their  fingera  into  them,  as  Roidbii  catholics  and  others  ao  at  this 
day  ;  but  on  particular  occasions,  priests  oroiKcers  attended  to  purify  the 
people  by  sprinkling'.  Thus,  when  the  Einperor  Julian  visited  the  temple 
at  Antioch,  the  Neocori  stood  on  each  side  of  the  doorway  to  purify  with 
lusintl  water  all  who  entered.  Vaientinian,  who  was  ailerwaros  raised  to 
the  empire,  was  then  captain  of  Julian's  guard,  and  as  snch  walked  In 
front.  He  was  then  a  christian,  and  some  of  the  water  having  been 
thrown  upon  him,  he  tvmed  and  struck  the  priest,  saying,  that  the  water 
rather  polluted  than  purified ;  at  which  the  emperor  was  so  enraged  that 
lia  immediately  banisned  him. 

Now  whether  the  fingers  or  light  brooms,  fcc.  were  aaed  on  such  ocea- 
Bions  we  do  not  know  ;  but  there  were  others  at  which  the  former  cer* 
tainly  were  not.  Wheo  tlie  emperors  dined,  not  otily  their  persona  and 
table  furniture,  but  thejbod  also  was  purified  with  lustral  water.  At  the 
feast  of  Daphne  near  Antioch,  which  lasted  seven  days,  we  learn  that 
a  neochorus  stood  by  the  emperor's  seat,  and  sprinkled  the  dishes  and 
meats  '  as  usual.'  How  was  this  water  dispersed  t  Certunly  not  by  the 
&ngers  ;  nor  is  it  Ukely  that  a  wisp  or  a  broom  was  employed,  since  il 
would  be  dillicult  to  direct  the  small  shower  with  sutEcient  precision  on  the 
smaller  objects.  We  have  made  these  remarks  for  the  purpose  of  intro- 
ducing the  figure  of  an  ancient  sprinkling  ves- 
sel, from  the  third  volume  of  Montfaucon's 
Antiquiues.  It  was  supposed  by  him  to  have 
belonged  to  the  table  or  kitchen,  but  ita  spe- 
cific use  he  could  not  conjecture.  It  is  evi- 
dently a  modificaiioD  of  the  atmospheric  gar- 
den  pot,  and  it  appears  admirably  adapted  for 
dispersing  liquid  perfumes  or  lustral  water  at 
the  table.  The  nng  is  adapted  to  receive  the 
forefinger,  while  the  thumb  could  close  the  small  orifice,.aiid  thus  the  oon- 
tents  might  be  retained  or  discharged  at  pleasure. 

Among  other  heathen  customs  that  were  long  rettuned  in  the  christian 
church,  was  this  practice  of  sprinkling.  Peter  Martyr  exclaims  against  n 
certain  class,  "  who  not  only  consecrate  temples  themselves,  bat  also  altars 
and  coverings  to  the  altars ;  T  meane  the  t«)le  clothes  and  napkins,  and 
also  the  obalices  and  patios,  the  massing  garmentes,  the  churchy ardea,  the 
wue  candles,  the  frankincense,  the  pascal  lamhe,  eggs,  and  alsoholie  wa- 
ter; (he  boughes  of  their  palm  trees,  yong  springes,  grass,  pot-hearbes, 
and  finally  all  kinds  of  fruites."  "  They  doe  tprMU  houses,  deade  bodies, 
ohurchyardes,  egga,  ilesh,  potfaearbes,  and  garmenies."* 
.  Of  all  the  transBctions  connected  with  heathen  theology,  few  ever 
made  a  greater  nwae  in  ancient  Rome  than  one  that  is  connected  with  this 
part  of  our  subjeet;  via.  thetmradt  by  which  Tatia  the  vestal  saved  her 
Ufa.  It  was  a  religious  eustom  among  all  die  nations  of  old,  to  keep  M- 
Oftdifin  in  the  temples  of  their  deities.  In  some,  lamps  were  kept  burning, 
in  others  fuel  kindled  on  the  altars.  In  the  temples  of  Jopiter-Am- 
mon,  Apollo,  Uinerra,  and  sonie  other  deities  were  lamps  oonstantly 
buming,  The  Israebtea  ware  to  oauae  the  lamps  to  "bnra  continnally," 
besides  which,  "  the  fire  shall  ever  be  burning  npon  the  altar :  it  shall 

'  CwBOiaB  Placsa,  pari  hr,  «^.  9. 
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n«Ter  go  out."  Levit.  vi,  13.  The  practice  is  still  kept  ap  by  the  Jews 
»B(]  nlao  by  Roman  catholics.  The  ori^n  of  the  custom  is  unknown ;  but 
the  Jews,  Persians,  Greeks,  &c.  are  generally  supposed  to  have  derived  it 
from  the  G^ptians.  Upon  the  consecration  of  a  temple,  this  '  holy  fire' 
was  not  obtained  from  ordinary  sources,  i.  e.  from  other  Greg,  but  was  pro- 
duced by  the  rubhiDK  of  two  sticks  tofl;ether ;  or,  according'  lo  Pluiarch, 
was  drawn  directly  from  the  sun.  "If  it  happen  (he  observes  in  his  Liis 
of  Numa)  by  any  accident  to  be  put  out,  as  me  sacred  lamp  is  Mid  to 
have  been  at  Athens,  under  the  tvranny  of  Aristion— at  Delphi,  whea 
the  temple  was  burned  by  the  Meaes — and  at  Rome  in  the  Mithridatic,  aa 
aIso  in  the  civil  war,  when  not  only  the  fire  was  entinguiahed  hut  the 
altar  itself  overturned — it  is  not  to  he  lighted  again  from  another  lire,  bat 
meur  Rre  is  to  be  gained  by  drawing  a  pure  and  unpolluted  flame  front 
the  beams  of  the  sun.     This  is  done  generally  with  concave  vessels  of 

Among  the  Romans  a  certain  number  of  vir^nswere  consecrated  with 
solemn  ceremonies  to  the  Goddess  Vkbta.  They  were  named  vestals, 
and  it  was  their  peculiar  duty  to  take  charge  of  the  sacred  iire.  They 
were  greatly  honored  for  their  purity  and  the  importance  of  their  oHice. 
"What  is  there  in  Rome,  (exclairaea  Tiberius  Gracchus  in  bis  address  to 
the  people)  so  sacred  and  venerable  as  the  vestal  virgins  who  keep  the 
perpetual  £re  V  The  most  valuable  and  sacred  depositet  were  otien 
placed  in  their  hands  for  security.  The  wills  of  rich  Romans  were 
sometimes  committed  to  their  care;  hence  we  read  of  Augustus 
forcing  from  them  thai  of  Antony,  while  the  Utter  was  in  Egypt.  The 
vestals  enjoyed  many  privileges ;  among  others,  when  they  went  abroad, 
the  fasces  (emhlems  of  authority)  were  carried  by  a  lictor  before  them ; 
and  it  was  deaUi  for  any  one  to  go  under  the  litter  or  choir  in  which  they 
were  carried  ;  and  if  they  met  a  criminal  going  to  execution,  his  life  was 
■psfed.  The  vestal  daughter  of  Appiua  Claudius  protected  him  from 
being  arrested  by  the  Tribunes.  On  the  other  hand,  they  were  punished 
with  extreme  rigor  if  fonnd  to  have  broken  any  of  their  vows.  To  per- 
mit the  perpetual  or  holy  fire  to  go  out  was  on  unpardonable  act,  for  it 
was  believed  to  betoken  some  national  calamity,  and  if  one  was  found 
puilty  of  unehastity  she  was  buried  alive.  "The  criminal  (says  Plutarch) 
IS  carried  to  punishment  through  the  forum  in  a  litter,  well  covered  with- 
out, and  honod  up  in  such  a  manner  that  bar  cries  cannot  be  heard.  The 
people  silently  moke  way  for  the  litter  and  follow  it  with  marks  of  ex- 
treme sorrow  and  dejecticB.  There  is  no  spectacle  more  dreadful  than 
diis,  nor  any  day  which  the  city  a]>ends  in  a  more  melancholy  manner. 
When  the  litter  comes  to  the  place  appointed  the  officers  loose  the  cords, 
the  high  priest  with  hands  lifted  up  towards  heaven  offers  some  private 
prayers  just  before  the  fatal  minute ;  then  takes  out  the  prisoner,  who  ia 
covered  with  a  veil,  and  places  her  upon  the  steps  which  lead  down  into 
the  cell,  [grave ;]  after  this  he  retires  with  the  rest  of  the  priests,  and  when 
she  is  gone  down,  the  suipH  ore  taken  away  and  the  cell  is  covered  with 
earth,  so  that  the  place  is  made  level  with  the  rest  of  the  mount."  [Life 
of  Numa,  Langhome's  Trana.] 

Tutta,  who  was  accused  of  incontinence,  in  order  to  avoid  the  horrid  pen- 
alty, passionately  called,  or  affected  so  to  call,  upon  the  goddess  Vb»ta, 
to  establish  btf  a  utiracU  her  innocence.  "  Enable  me  (she  cried)  tn  take 
a  SIBYK  full  of  water  from  the  Tyber,  and  to  carry  it  full  to  thy  tem)ile." 
Upon  this  appeal  her  trial  was  stayed,  and  it  was  left  to  the  deity  she 
had  invoked,  to  save  her  or  not;  for  such  a  proof  of  the  falsehood  of  her 
accusers  eould  not,  if  it  should  take  place,  be   reusted.      The  result 
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wu,  ahe  nicceeded  in  carrying  tbe  water,  and  diereby  not  only  saved  har 
life,  but  greatly  increased  her  reputation  for  lanetity.  From  the  imper- 
fect accounts  of  the  transaction  that  hare  reached 
us,  it  may  perhaps  be  deemed  presumptuous  to 
decide  on  its  real  charsctei'.  That  it  actually  oc- 
curred there  can  be  no  doubL  It  is  incorporated 
with  hoth  the  history  and  the  arts  of  the  RomaiM. 
It  is  mentioned  by  Valerius  Majiimue,  by  Fliny 
and  Livy:  representations  of  Tulia  carrying  iYm 
sieve  were  also  embodied  in  sculptures,  in  statues, 
and  engraved  on  gems,  The  annexed  figure  was 
copied  from  one  of  the  latter.  It  is  from  the  first 
volume  of  Montfancon's  Antiquities,  Plate  88. 

As  the  feat  therefore  was  certainly  performed, 
it  must  have  been  either  by  natural  or  by  supenia- 
tural  means.  Some  writers  have  admitted,  and  St 
Augustine  among  them,  that  the  miracle  was  a  ge- 
nuine one  ;  but  there  are  circumstances  sufficient 
Ha.  74.  Tuii»  c«rryiDf  w*-  ^  "how  that  the  whole  was  a  well  conceived  and 
uriBiSiaiit.  neatly  executed  trick,  on  the  part  of  Tutiaand  her 

friendsj  and  further,  that  it  was  a  much  more 
simple  one,  than  other  deceptions  to  which  the  heathen  priests  some- 
times had  recourse.  It  possesses  considerable  interest  however  as  fur- 
nishing another  specimen  of  their  proficiency  in  scientific  juggling  and 
natural  magic.  To  say  nothing  of  the  absurdity  of  admitting  a  divine 
tDterpositinn,  in  answer  to  invocations  addressed  to  a  heathen  goddes»— 
and  of  the  impmbability  ofTutia  being  condemned  while  innocent;  there 
certainly  was  something  suspicious  in  htr  undertaking  to  select  the  te>f  for 
the  goddess,  and  especially  such  a  one  as  that  of  carrying  water  in  » 
sieve.  Instead  of  asking  for  a  sign  by  woter,  it  would  nave  been  mor* 
appropriate  and  more  natural  in  her  (if  sincere)  to  have  prayed  for  one  by 
fire — by  that  element  which  was  the  symbol  of  the  deity  she  invoked,  and 
which  it  was  her  peculiar  duty  to  attend  at  the  altar  and  preserve  pure— 
the  element  too,  which,  if  the  accusation  was  true,  she  had  polluted  :  be- 
sides, a  token  by  tire  was  always  considered  by  the  heathen  as  the  strong- 
est evidence  of  divine  approbation.  What  prompted  her  then  to  mention 
the  test  of  the  sieve  1  Doubtless  because  the  device  by  which  it  was  Ut 
bo  performed  was  already  matured;  not  by  the  assistance  of  Vesta,  bat 
by  a  very  simjile  contrivance  furnished  her  by  the  priests,  from  their  stoies 
of  philosophical  and  other  apparatus  with  which  they  wrought  their  won- 
ders betbre  the  people. 

The  contrivance  was,  we  preaame,  a  modification 
■j-jP^^^^-rnn-TM^^^^  of  the  ancient  sprinkling  pot,  just  described.  The 
P^PMBJBBB  sieve  she  employed  would  therefore  be  a  double 

g^HHHVaWPI^xnjI  nexed  cut,  which  represents  a  double  metsllic  vessel, 

the  upper  edges  of  both  unilod  and  made  perfectly 
''*'SBo"^Iiirt2««I""aii'  tight,  with  the  exception  of  one  or  perhaps  two 

small  openings  shown  on  the  edge  in  the  figure. 
Thus  when  such  a  sieve  was  pressed  slowly  under  water,  the  liquid  would 
enter  throufrh  the  perforateil  Imttom,  drive  the  air  before  it,  and  fill  the 
cavity  ;  ond  when  the  upper  part  was  sunk  below  the  surface,  the  upper  or 
apparent  sieve  would  also  be  Glled.     Then  by  eooering  the  mutU  epeiang 
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loith  tike  tkumh,  th«  veuel  migiit  be  noMd  out  of  the  nTer,  the  water 
in  the  cavity  being  auspended  precisely  a«  in  Nos.  69  and  70,  m 
that  Tatia  might  return  with  it  to  the  temple,  and  on  appmacbing  the 
altar,  by  imperceptibly  sliding  her  thumb  to  OKt  tide,  the  air  would  enter 
die  opening  thus  expond,  and  the  cootent<  of  the  cartty  would  deacend 
in  a  ihower,  to  the  amasement  of  the  apectaton  and  to  the  confunioD  of 
her  adveraariea.  With  aucb  an  inatrument  ahe  might  go  with  thnt  confi- 
dence to  the  trial,  which  ahe  ia  represented  to  have  felt,  being  fully  con- 
vinced of  auccesa.  While  ahe  waa  in  the  act  of  carrying  the  water,  tbs 
apeciators  would  be  unable  to  detect  ibe  slighteat  imposition,  or  if,  front 
the  elevation  at  which  aheaeema  to  have  borne  it,  the  Wtom  of  the  sieve 
waa  exposed,  it  would  be  more  hhely  te  confirm  them  in  the  belief  of  the 
miracle,  aa  her  movements  would  cause  the  luapended  water  to  appear 
at  the  openttiga ;  but  it  is  more  probable  that  they  were  kept  at  tcMj  great  » 
diataoce  by  the  managers  of  the  farce,  to  afford  them  any  opportunity  of 
exerciaing  an  undue  curiosity.  And  when  the  trial  was  over,  the  sieve 
would  be  secured  by  those  in  tbe  secret,  who  would  have  one  aimilar  in 
appearance  ready  for  examination  whenever  required. 

Few  devices  are  better  adapted  to  demonatrvts  the  suspension  of  water 
by  the  atmosphere,  than  those  little  icstrumenti  which  chemists  and  deal- 
ers in  ardent  spirit  use,  to  examine  their  various  liquids.  Those  of  the 
former  are  named  '  dropping  tubes,'  from  the  small  quantities  tliey  ere  de- 
signed to  lake  up,  and  the  latter  'liquor  tasters:'  t>oth  are 
substantially  the  same,  for  they  differ  merely  in  form  and  di- 
mensions. Some  curious  experiments  may  be  mtde  with  them. 
For  example,  a  aeries  of  liquids  similar  in  appearance  but 
differing  from  each  other  in  specific  gravity,  and  such  aa  do 
'  not  readily  mix,  may  be  placed  in  a  glass  or  other  veasel,  ao 
as  to  form  separate  layers,  the  heaviest  at  the  bottom,  and  the 
lightest  reposing  on  the  top.  An  expert  msnipulntor  may 
then  by  a  taster  (No.  76)  withdraw  a  portion  of  each,  ana 
present  to  the  examinauon  of  his  audience  from  the  same  vea- 
LiqaorTuur'  scl,  Samples  of different  wities,  ardent  spihis,  Water,  &c.  Therft 
DroppruTnU.  **  ^^*°i'  ^°  believe  that  the  ancient  professors  of  legerdemaia 
were  well  acquainted  with  such  devicea.  It  ia  possible  that 
the  trick  performed  by  a  Chioeae  juggler  before  the  Riiaaian  embassy  at 
Pekin,  in  tbe  last  century,  was  of  the  kind.  It  is  thus  described  by  Mr, 
Bell:  "  The  roof  of  tbe  room  where  we  sat  was  supported  by  wooden 

C'"ira.  The  juggler  took  a  gimblet,  with  which  he  bored  one  of  the  nil- 
Skud  a^ed  whether  we  chose  red  or  white  wiue  1  The  question  bems; 
answered,  he  pulled  out  the  gimblet  and  put  a  quill  in  the  bole,  through 
which  ran  aa  frum  a  cask  the  wine  demanded.  Ai^erthe  came  manner  bo 
extracted  several  aorta  of  liquors,  all  which  I  had  the  curiosity  to  taste, 
and  found  them  good  of  the  kinds."     Bell's  Travels.  Lon.  1764,  vol.  ii,  28. 

Peter  Martyr  speaks  of  old  jugglers  that  "  devoure  bread,  and  imme- 
diately spit  out  meale;  and  when  tney  have  droooke  wine,  they  seem  pres- 
enllie  to  poure  tbe  same  out  of  the  midst  of  their  forehed." 

There  are  numerous  intimailnna  in  history  that  hydrodynamics  was  one 
of  tbe  meat  fruitfnl  sources  of  scientific  imp>sture,  to  which  ancient  magi- 
cians  had  recourse.  Besides  the  sieve  of  Tutia,  the  cnp  of  Tantalus,  and  ibo 
Divining  cup,  there  were  "the  marvellous  fountain,  which  Pliny  describes, 
in  tbe  island  of  Andros,  which  discharged  wine  for  seven  days  and  watee 
during  the  rest  of  the  year — the  spring  of  oil  which  broke  out  in  Rome- 
'  to  welcome  the  return  of  Augustus  from  the  Sicilian  war — the  tbreo- 
ompty  lima  that  filled  themselves  with  wine  at  the  annual  feast  of  Bacohoi,. 
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m  tfa«  city  of  BUu — tlie  glaas  tomb  of  Belua  wUck  wu  fall  of  oil,  and 
which  when  ODce  emptied  by  Xerxes  couhl  notagMtt  be  filled— die  weep- 
ing atetuea,  and  the  perpetual  laoipi ;— all  the  obviona  efiecta  dE  the  eqai- 
Hbriam  and  presBure  of  fluidt." 

The  cup  of  TanlaluB  will  be  ou&d  deicribed  in  the  Chsptm-  on  tit- 
phoni  in  Book  V.  Divioiiig  cupa  may  be  noticed  here,  a«  there  is  leaaoa 
to  believe  that  water  waa  cuspended  in  aome  of  thsm  by  atiao^herio 
pressure;  while  in  othen,  •aunds  were  produced  by  the  expulsioo  of 
air  throiieh  aecret  caTitiea  fiirmed  within  Uiem.  DivinatioD  by  water  bu 
prevailed  from  imniBmoria]  time,  and  in  the  eailem  world,  has  beea  prae- 
BBed  in  a  great  variety  of  ways.  Snmetiniea  the  inquirers  into  liiluri^ 
performed  the  requisite  oerenKnies  themselvec,  and  with  ordinary  instrv 
menta,  as  when  a  mirror  or  looking-glaM  wa4  uaed ;  (see  pa^  34)  at 
other  dmei  profewional  sorcerers  were  employed.  These  men,  a«  aniat< 
ter  of  course,  provided  their  own  apparatus,  and  henee  had  every  oppor- 
tunity in  iti  constraction  of  conoesJing  within  some  part,  the  device  upon 
which  their  decepdons  turned. 

Of  all  die  implements  connected  with  Hydromaocy,  curs  are  the  most 
interesting.  They  are  amrag  the  earliest  that  history  haa  mentioned, 
(Qenesia,  xliv,  5,)  and  they  have  longer  retained  a  place  in  the  conjurer's 
budget  than  any  other.  They  were  used  by  aitrologerv  of  Europe  durbg 
the  middle  ages,  and  aronot  yet  wholly  abandoned  in  that  part  of  th« 
world.  Like  all  devices  of  the  old  magicians,  ingenuity  aeema  to  have 
been  exhausted  in  their  formation  and  in  adapdng  tham  to  difTerent  sp»- 
eiea  of  jugglery.  They  were  of  varinng  materials ;  while  some  were  of 
Klver  like  Joseph's,  others  were  of  wood,  glaas,  stone,  &c.  according  to 
the  nature  of  the  trick  to  be  performed  by  them.  Sometinwa  presages 
were  drawn  from  observiniF  the  liquid  through  the  stde*  of  the  cup;  for 
this  porpose  it  was  made  of  a  translucent  material ;  but  then  one  side  wm 
lett  t&uA  while  the  others  were  thin,  so  that  the  contents  wcro  invisibls 


through  die  former,  but  quite  plain  through  the  latter.  The  indici 
were  considered  tavorable  when  the  liquid  was  dear  and  distinctly  seen, 
ftnd  unfavorable  if  the  inquirer  could  not  perceive  it— thus  either  side 
was  presented  by  the  conjurer  as  beat  suited  bia  views.  The  same  trick 
is  still  performed  in  some  of  the  churches  in  Italy ;  one  nde  of  the  goblet 
or  gloss  is  mode  opaque,  while  the  other  is  transparent.  With  other  ci^ 
it  was  the  motion  or  agitation  of  the  liquid  that  was  looked  (or :  if  it  re- 
mained at  rest,  the  omen  waa  bad — if  violently  moved,  good.  This  kiod 
of  divination  most  lihelv  depended  on  legerdemain  or  'sleight  of  hand,' 
in  dropping  unpercelved  some  substance  into  the  vessel  that  produced  ef- 
fervescence— or  by  opening  a  secret  communication  with  a  cavity  in  tha 
Mem  or  base  of  the  vessel,  containing  a  liquid  that  had  a  similar  effect.  Id 
Japan  it  is  common  to  place  a  pot  of  water  on  the  head ;  if  the  liquid 
bod  over,  the  presage  is  good,  "but  If  it  stirs  not,  bad  tuck.""  Amonr 
the  prodigies  mentioned  by  Herodotus,  is  one  of  this  hind :  the  flesh  of 
■  victim  sacrificed  during  the  Olympic  gomes,  was  placed  in  hrasen  caul- 
drons, and  "the  water  boiled  up  and  overflowed  without  the  iatarvenuoa 
of  fire,"  (B.  i,  59.)  The  emerald  cup,  by  which  tha  priesta  of  Menlx 
deluded  people  in  the  dark  ages,  belongs  to  the  same  class.  On  certain 
days,  two  or  three  extremely  minute  fishes  were  secretly  put  in,  and  by 
their  motions  in  the  water  produced  such  an  effect  that  the  peoplo  w«t« 
jpenuaded  "the  cup  was  alive."'' 


■  Hontanila'  Japan 
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Ths  divinii^  oofM  of  the  Amynt^a  «mI'  Cbaldeaat  appaw,  fvom  u»> 
perfect  aecouuu  of  dietn  eusnt,  to  k^ve  bMo  more  waficially  oonuived. 
When  one  wu  luad,  it  wa»  fillad  wkh  wuer,  k  piece  of  silver  or  &  jewtJ 
having  certain  charactera  eneraved  on  it  waa  Uirowu  in ;  the  ooojurar 
tltea  mtutered  aoine  worda  ot  adjuraiioD,  wken  tbe  ilainon<  ibua  addreMod, 
it  ta  Mtd,  "iMHled  the  anawer  from  the  bottom  of  the  cufi."  These  ve«- 
aola  were  probably  m>  oontrived,  that  the  water  taigfat  compreu  air  oon- 
oealed  in  bobm  cavi^  in  the  base,  and  force  it  through  the  orifice  of  a  mi- 
■rate  reed  or  wbiitle,  ai  in  the  miuical  bottles  of  Peru.  As  Julius  Cyre- 
oiua  says  such  caps  were  alao  lued  bv  the  Egyptians,  it  is  possible  tl»t  it 
was  one  of  litem  fay  which  Joseph  divined,  or  affeoted  through  policy  N 
divine.     DivinaUon  by  the  onp  is  sdll  practiced  in  Japan. 

It  is  well  known  that  the  jugglers  of  Aaia  have  aiwaya  been  uaii- 
valled.  Even  in  modem  times,  tome  of  their  trieka  are  beautifbl  applia*- 
dons  of  tcienoe,  and  are  so  neady  performed  as  to  baffle  the  moat  sag»- 
doHS  of  observers,  A  full  account  of  ihem  would  go  far  to  explain  aH 
the  nirackt  which  tmcient  authors  have  mentioosd,  and  wouhl  afiord  soom 
Mirioiu  inloniudon  respeoting  the  aecrets  o£  ancient  tnapleai 
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AiB  1*  expelled  from  each  vessels  as  are  fignred  in  the  last  chapter  bgr 
thruttjag  them  into  a  liquid,  which  entering  at  the  bottom,  drivea  out  m 
it  rises  the  lighter  fluid  at  the  top.  In  the  ^paratns  now  tobe  described, 
it  is  withdrawn  in  a  diSoreut  manner.  The  veasela  are  not  lowered  into 
water,  but  the  latter  is  forced  ep  into  diem.  The  operauon  by  which  diis 
is  acconmlishsd  was  formerly  named  tmetum,  from  an  erroneona  idea  tlwt 
it  was  effected  by  some  power  or  faculty  of  the  mouth,  independently  of 
any  other  influence.  A  simple  experiment  will  convince  any  one  that  the 
smallest  particle  of  liquid  cannot  be  so  raised : — fill  a  common  flash  or 
■mall  bottle  within  a  quarter  of  an  inch  of  the  top  of  the  neck,  and  plaoe 
it  in  a  perpendicular  position ;  then  let  a  person  apply  his  mouih  over  the 
orifice,  and  be  ma^  suck  forever  without  tasting  the  contents ;  the  veriest 
lover  of  ardent  spirits  would  die  in  despair  ere  he  coald  thus  partake  of 
bis  favorite  liquor ;  and  the  exhausted  traveler  coald  never  moisten  hia 

ched  throat,  altfaou^  the  liquid,  as  in  the  case  of  Tantalus,  was  at 

As  remarked  in  «  previous  chi^iter,  ihe  error  was  not  exploded  til) 
Torricelli  and  Pascal's  experiments  proved  that  water  is  not  nrsed  in 
pumps  by  suction,  or  any  kind  of  attraction,  but  by  ptdtion  from  aerial 
pressure.  Suction  therefore,  or  that  wbidi  was  so  called,  merely  remoTea 
an  obstacle  [air]  to  a  liquid's  ascent — it  does  not  nise  it,  nor  even  aid  in 
the  act  of  raising  it  In  other  words,  it  is  simply  that  action  of  the  mns- 
sles  of  the  thorax  and  abdomen  which  enlarges  the  capacity  of  the  liugi 
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and  chett,  m  di«.t  air  within  tliem  becomes  ranfied  and  coMsqueDtly  no 
longer  in  eauilibrium  with  that  without — hence  when  in  this  state  a  com- 
manication  ib  opened  between  them  and  a  liquid,  the  weight  of  the  atmoa- 
phere  restinu;  upon  the  latter  neceasarily  drives  it  into  the  mouth ;  as  for 
example,  wnen  a  person  drinks  water  from  a  tumbler  or  lea  from  a  cup. 
How  singular  that  the  rationale  of  taking  liquids  into  the  nomach  was  not 
understood  till  the  I7th  century — that  so  simple  an  opention  mkI  one  in- 
c«ssantljr  occurring,  should  have  remained  unexplained  thnnigb  all  pre- 
vious time ! 

Two  kindi  of  suction  have  been  mentioned  by  some  writers,  but  the  piin- 
eipleofbotli  ij  the  same:  one,  the  action  of  the  chest  just  mentioned — the 
ouier,  that  of  the  mouth  alone ;  viz.  by  lowering  the  under  jaw  while  the 
Ups  are  closed,  and  at  the  same  time  contracting  and  drawing  the  lor^ae 
back  towards  the  throat.  There  is  this  difference  bctw<)en  them :  the 
fcriner  can  be  performed  only  in  the  intervals  of  respiration,  while  the 
ktter  may  be  continuous,  since  breathing  can  be  kept  up  through  the  nos- 
tril*. One  has  been  named  supping,  the  other  sucking.  The  term  'sucker/ 
commonly  applied  to  the  piston  of  atmospheric  pumps,  arose  from  its 
acting  as  a  auostitute  for  the  mouth.  With  this  explanation  of  the  terms 
suction,  sucking,  &c.  we  shall  occasionally  use  them,  in  accordance  witb 
general  custom,  for  want  of  substitutes  equally  popular. 

Infants  and  the  young  of  all  mammals  not  only  practice  titeking  till  they 
quit  their  mother's  breasts  for  solid  food,  but  most  of  them  continue  the 
practice  through  life  when  quenching  their  thirst:  of  this  man  is  an  ex- 
ample, for  it  is  by  sucking  thai  we  receive  liquids  into  the  stomach, 
whether  we  plunge  our  lips  into  a  running  stream,  receive  wine  from 
a  goblet,  or  soup  from  a  spoon.  As  the  origin  of  artificial  devices 
for  raising  liquids  by  atmospheric  pressure  may  be  traced  to  this  natural 
Operation,  some  other  examples  may  be  mentioned.  Of  these,  aucking 
poison  from  wounds  is  one.  This  has  been  practiced  from  unknown  an- 
iquity.  Job,  speaks  of  sucking  the  poison  of  asps—At  the  siege  of  Troy, 
Machaon  'suck'd  forth  the  blood'  from  the  wounds  of  Menelaus;  and  the 
women  among  the  ancient  Germans  were  celebrated  for  thus  healing  their 
wounded  sons  and  husbands.  The  serious  consequent's  iKal  often  at- 
tended the  custom,  led  at  an  early  period  to  the  introduction  of  tuict,  by 
meana  of  which  the  operation  might  be  performed  without  danger  to  the 
operator;  for  scrofulous  and  other  diseases  were  frequently  communicated 
to  the  latter,  by  drawing  tainted  blood  and  humors  into  the  month ;  whereas, 
by  the  interposition  of  a  tube,  the  offensive  matter  could  be  prevented 
from  coming  in  contact  with  the  lips. 

Before  the  use  of  the  lancet  was  discovered,  these  ewpping  tubes  were 
^plied  in  ordinary  blood-letung.  Even  at  the  present  day  such  Is  the 
only  kind  of  phlebotomy  practiced  by  the  oldest  of  existing  nations;  for 
"the  name  and  the  use  of  the  lancet  are  equally  unknown  among  the  na- 
tives of  Hindostan.  They  scarify  the  part  with  the  point  of  a  knife  and 
apply  to  it  a  copper  cuppmg-dish  witb  a  long  tube  affixed  to  it,  by  meana 
of  which  they  suck  the  blood  with  the  mouth."*  It  is  the  same  with  the 
Malaya,  and  other  people  of  the  easL  These  generally  use  the 
'     "  the  Hini'         '  .       . 
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same  kind  of  apparatus  as  the  Hindoos,  but  sometimes  natural  tabes 
employed,  as  a  piece  of  bamboo.!*  fhe  horns  of  animals,  as  those  of 
oxen  and  goats  were  also  mueh  used ;  these  on  scoouni  of  their  ooni- 
eal  form  being  better  adapted  for  the  purpose  than  cylindrical  tubes. 

•Sboberl's  Hindostan.  T,  43.       ^Chineas  Repot,  it,  U.  SeeaUoLE  Conte'sCbiM, 
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P&ric  fnond  tbe  negrooa  of  Afric*  cupping  with  tuds'  horn*;  and  thft 
Shetlandera  continue  to  use  the  same  instrument,  having  derived  it  irom 
their  Scandinavian  ancestors.  Cupping  was  practicea  bjr  Hippocratei, 
and  cupping-inatraments  were  the  erobleins  of  Greek  and  Roman  phjr- 
■iciani. 

The  application  of  a  reed  or  other  natural  tube,  througti  which  to  anck 
liquid*  that  cannot  otherwise  be  reachMl,  has  always  been  known.  Thn 
device  is  one  which  in  every  age,  boys  as  well  as  men  acquire  a  know- 
ledge of  intuitively,  or  as  it  were  by  instinct;  nor  doe*  it  indicate  a  greater 
degree  of  ingenuity  than  numerous  contrivance*  of  the  lower  animal*-' 
that  of  the  raven  for  example,  which  Pliny  ha*  mentioned  in  the  tenth 
hook  of  his  Natural  Hittory.  This  bird,  during  a  severe  drought,  seeioi' 
a  rasa  near  a  sepulchre,  flew  to  it  to  drink,  but  tbe  small  ijuantity  of 
water  it  contained  was  too  low  to  be  reached.  In  this  dilemma,  atimulK- 
ted  by  want  and  thrown  upon  its  own  resource*  for  invention,  it  loon  de- 
vised an  effectual  mode  of  accomplishing  its  object — it  picked  ap  *mall 
pebbles  and  dropped  ihem  into  the  vessel  till  the  water  rose  to  the  brim — 
an  instance  of  sagacity  fully  equal  to  tbe  application  of  a  tube  under 
•imilar  circumstances  by  man. 

As  sucking  tubes  are  atmospheric  pomps  in  embryo,  a  notice  of  soma 
application*  of  them  will  form  an  appropriate  intrqduction  to  the  latter. 
Tney  constitated  part  of  the  experimental  sppantus  of  the  old  Greek  Ple> 
nists  and  Vacuiata;  and  w«re  used  by  the  Egyptians  as  siphons.  They 
were,  and  still  are,  employed  in  Pom  for  arinking  hot  liquidB,  ana 
were  anciently  used  by  the  laity  in  partaking  of  wine  in  the  EucharisL 
"Beatus  Rhenanus  upon  Tertullian  m  the  booke  De  Cortma  Militii,  re- 
portoth  that  among  the  riches  and  treasures  of  the  church  of  MeD*e,  wer» 
certain  silver  pypes  by  the  which  profane  men,  whom  they  call  the  laieUe, 
flucked  out  of  uie  chtdlice  in  the  holy  supper."'  The  device,  if  not  of 
more  distant  origin,  was  perhaps  designed  in  the  dark 
ages,  a*  a  check  to  the  rude  communicant*,  who  would 
naturally  be  inclined  to  partake  too  freely  of  the  cup. 
But  since  the  laity  were  excluded  by  the  Council  of 
Constance,  from  *haring  the  wioe,  the  u*e  of  such  tubes 
has  been  retained.  At  the  celebration  of  high  mass  at  Sl 
Denis,  the  deacon  and  sub-deacon  suck  wine  out  of  the 
chalice  by  a  ehalvmtau  or  Lube  of  gold.  [Diet,  de  Tre- 
voux.     Art.  Chain raeau.] 

'  The  langMuuehello  or  blood-sucker,'  says  La  Motraye, 
is  a  golden  tube  by  which  the  Po^  tuck*  up  tbe  blood 
[^me]  at  high  mass;  the  chalice  and  tube  being  held 
by  a  deacon.  The  instrument,  he  remarks,  corresponds 
with  "the  ancient  pugiliarit,  or  tube  mentioned  by  Car- 
dinal Bona  in  his  treatise  of  thing*  belonging  to  the  liturgy, 
and  of  the  leavened  and  unleavened  bread.""  No.  78  is  a 
8^re  of  the  sanguiiuchello.  It  has  three  pipes,  but  the 
middle  or  longest  one  is  that  by  which  the  li()uid  is  rai*ed. 
The  whole  i*  of  gold,  highly  ornamented,  and  enriched 
StifiUBdHiis.  with  a  large  emei'ald.  One  reaaon  aasigned  for  its  use, 
u,  that  it  is  more  seemly  to  suck  the  olood  [wine]  oa 
through  a  rein,  than  to  np  iL 

The  Peruvian*  nuke  a  tea  or  decoction  of  the  '  hei^  of  Paraguay,' 

1 4,  p.  37.        *Lb  HotnTB'i  Trar.  i 
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wliich  i«  oomnon  to  all  chun.  "Imtetd  of  drinking  the  tiDcttiM  or 
infasion  apart,  u  we  drink  tea,  they  put  tlia  herii  into  ■  cup  or  bow) 
made  of  a  aatabaah  or  gonrd,  tipp'd  with  silver,  which  they  call  mate/ 
they  add  sunr  and  pour  on  it  the  hot 
water,  which  they  drink  immediately 
without  giving  it  time  to  infuse,  because 
it  turns  aa  black  as  ink.  To  avoid  drink- 
iog  the  heri>  which  swims  at  the  top, 
thev  make  use  of  a  tilser  pipe,  at  the 
end  whereof  is  a  bowl  full  of  little 
holes;  so  that  the  liquor  rtiti'd  tn  at 
the  other  end  is  clear  from  the  heri>."* 
Fresier  has  given  an  engraving  of  a 
lady  thus  employed,  from  which  the 
annexed  cut  is  copied. 

In  Frezier's  time  it  was  the  custom 
for  every  one  at  a  party  to  suck  out 
of  the  same  tube — like  ladiaiu  in  coun- 
cil, each  taking  a  whiff  from  the  same 
calumet.  With  the  exception  of  con- 
„-.__,-.....  , .       fining  a  company  to  the  use  of  one  in- 

■  (BcUaf-tnf^r^  atniment,  we  sbonld  think  this  mode 

of  '  taking  tea'  deserving  the  c(M)sidei«- 
tion  of  the  wealthy,  since  it  possesses  several  advantage*  over  the  Chinese 
plan  which  we  have  adopted.  In  the  first  place,  it  is  not  only  a  more 
ingenious  and  scientific  mode  of  raising  the  higuid,  but  also  ntore  gi«cefn) 
than  the  gross  mechanical  one  of  lifting  the  vessel  with  it.  It  is  more 
economical  as  regards  the  exertion  required ;  for  in  ordinary  cases  a  per- 
son expends  an  amount  of  force  in  carrying  a  cup  of  lea  backwards  and 
forwards,  so  many  dmes  to  his  mouth,  as  would  suffice  to  raise  a  bucket 
of  water  from  a  modentely  deep  well.  In  the  use  of  these  tubes  there  is 
no  chance  of  verifying  the  old  proverb^'  many  a  slip  between  the  cup 
and  the  lip' — And  then  there  is  no  danger  of  breakage,  since  the  vessel 
need  not  be  removed  from  the  table.  How  often  has  a  valuable  '  lea-set' 
been  broken,  and  the  heart  of  the  fair  owner  almost  with  it,  by  some 
awkward  visitor  dropping  a  cup  and  aauoer  on  their  way  to  his  mouth, 
or  on  their  return  to  the  table  I  Lastly,  the  introduction  of  these  tubes, 
would  leave  the  same  room  as  at  prennt  for  display  in  tea-table  para- 
phernalia. 

There  is  another  applieation  of  them  which  some  convivialists  may 
thank  us  for  suggesting.  It  has  been  regretted  by  ancient  and  modern 
epicures  that  nature  has  given  them  lutkt  much  shorter  than  those  of 
aome  other  animals;  these  philosophers  supposine  that  the  pleasures  of 
eating  and  drinking  are  proporuoned  to  the  length  of  the  channel  tlirongh 
which  food  passes  to  the  stomach.  Now  although  a  sucking  tube  will  not 
alter  the  natural  dimensions  of  a  person's  neck,  it  may  be  so  used  as  to 
prolong  the  sensation  of  deglutition  in  the  shortest  one;  for  by  contracting 
the  orince,  each  drop  of  liquid  imbibed  through  it  may  be  brought  in 
contact  with  the  organs  of  taste,  and  be  detained  in  its  passage  until  every 
particle  of  pleasure  is  extracted  from  it; — being  the  reverse  of  what 
takes  place,  when  gentlemen  swallow  their  wine  in  gulps.  The  most  fas- 
tidious disciple  of  Spicunis  could  not  object  to  this  use  of  them,  since 
DOthiog  would  touch  his  liquid  hut  the  tube;  and  as  every  person  would 

■FRzkr's  Va^sce  to  the  Seath  Seas,  p.  26^. 
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pivnde  hia  own,  ao  ooa  wonU  ever  think  of  borrowing  bu  neighbor'*, 
may  more  than  he  would  ask  for  die  loan  of  hit  tooib-pick.* 

We  ue  not  snre  thu  diia  plan  of  attenoating  agreeable  liquids,  did  not 
give  riae  to  that  mode  of  drinlting  adopted  hy  tbe  Inxurious  Greeks  and 
Homons,  to  which  we  have  before  alluded.  Their  dnnking  vessels  were 
generally  boms,  or  were  formed  in  imitation  of  them.  At  the  small  end 
of  each^  very  minute  opening  was  made,  through  which  a  stream  of 
drops,  as  it  were,  descended  into  the  mouth.  Paintings  found  .in  Pom- 
peii, and  other  ancient  monuments,  represent  indivtdnals  in  the  act  of  ibns 
using  them — while  others,  whose  appetite  for  tbe  beverage,  or  whose 
thirst  was  loo  keen  to  relish  so  alow  a  mode  of  allaying  it,  are  seen 
drinking,  not  out  of  "the  little  end,"  but  out  of  the  large  end  "of  tbe 
horn."  We  have  mentioned  this  circumslanee  because  it  appears  to  af- 
ford a  Bolaiioa  of  an  old,  but  somewhat  ambiguous  saying. 


CHAPTER    V. 


In  the  course  of  time  a  new  featnre  was  given  to  sucking  tubes,  hj 
which  they  were  converted  into  pumps:  this  was  an  apparatus  for  with- 
drawing tne  air  in  place  of  the  mouth  and  lungs.  In  what  age  it  was  first 
devised,  and  by  what  people,  are  alike  unknown.  The  circunutance  that 
originally  led  to  it,  was  probably  the  extension  of  the  le^th  of  sucking 
tubes,  until  the  strength  of  the  lungs  was  no  longer  sumcient  to  draw 
water  through  them.  In  this  way  the  bellows  pump,  the  oldest  of  all 
pumps,  we  presume  took  its  rise. 

It  should  be  borne  in  mind  that  an  atmospheric  pump  is  merely  a  con- 
trivance placed  at  the  upper  end  of  a  pipe  to  remove  the  pressure  of  the 
atmosphere  there,  while  it  is  lefl  free  to  act  on  the  liquid  in  which  the 
lower  end  is  immersed ;  and  farther,  that  it  is  immatenal  what  the  sub- 
stance of  the  machine  is,  or  what  Hgure  it  is  made  to  assume.  Some  per- 
sons perhaps  may  suppose  that  pumps  seldom  vary,  and  then  but  slightly, 
from  the  ordinary  one  in  our  streets,  (the  ancient  wooden  one)  but  no  idea 
could  be  more  erroneous;  for  few,  if  any,  machines  have  undergone  a 
greater  number  of  metamorphoses.  The  body  or  working  part,  which  is 
named  the  'barrel'  and  sometimes  the  'chamber,'  so  far  from  being  always 

S'lindrical,  has  been  made  square,  triangular,  and  elliptical; — itis  not  even 
ways  straight,  for  it  has  been  bent  into  a  portion  ol  a  circle,  the  centre 
of  which  formed  the  fulcrum  of  the  lever  and  rod,  both  of  whi<cb  in  this 
case  being  made  of  one  piece ;  its  materials  have  not  been  confined  to 
-wood  ana  the  metals,  for  pumps  have  been  made  of  glass,  stoneware, 
stone,  leather,  canvas,  and  caoutchouc    Some  have  been  constructed  like 

■In  BbsksBpesni'i  linx,  "tieiy  guest  e>rri<d  his  own  la^e,  whidi  bs  occssirinallf 
wbeiud  on  a  itone  thst  buns  behind  tbe  door.  One  of  theae  wheMouea  taa.j  be  Miaa 
la  ParitHiMin'i  Mumudi.  Tnsf  ware  KranKen  si  Ibat  period  to  itas  nsa  of  fbriu." 
^BilMtM'a  Notes  on  Sbskeipeare'i  Timoa  of  Atbeos.  Att  i,  Seane  9.] 
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B  btff,  resenibline  the  oM  powder-puff  or  the  modani  accordion ;  otLen  tn 
the  form  of  the  flomeitlc   and  blacksniith'i  bellowi — tome   in   the   figurv 
□f  m  drum,  &nd  othera  M  a.  portion   of  one — &•  »  simple  horizontal   tube 
Huap«nded  at  the  centra  on  a  perpendicular  one,  and   whirled  round   like 
the  arms  of  a  potter's  wheel — then  again  aa  a  perpendicular  tube  without 
rirker  or  piston,  and  moved  like  a  geDtleman's  walking  cane,  from  which 
inoeed  its  name  is  deiived.  (See  Cmtne  Hydratiiiqve  in  Book  IV,)    They 
have  also  been  made  of  two  aimple  tubes,  one  moved  over  the  other  like 
those  of  a  telescope— even  a  kettle  or  cauldron  has  been  used  as  a  pump, 
and  the  vapor  of  iia  boiling  water  substituted  for  the  sucker  to  expel  the 
air  it  contained,  after  which  the  pressure  of  the  at- 
mosphere forced  water  into  it  from  below.     In  fine, 
any  device  by  which  ur  can  be  removed  from  the 
interior  of  a  vessel,  is,  or  may  be  used  as  a  pump  to 
wise  water. 

Nor  have  the  'suckers'  or 'pistons'  been  sabject 
to  less  changes  than  other  parts  of  pumps.  They 
have  been  made  solid  and  noHow — in  the  form  of 
cones,  cylinders,  pyramids,  sectors,  and  segments  of 
circles: — in  the  shape  of  cog-wheels,  and  of  (he 
arms  and  vanes  of  wind-mills,  with  motions  analc^us 
to  such  as  these;  and  sometimes  they  are  made  in 
the  shape  of  a  gentleman's  hat  and  of  similar  mate- 
rials; while  the  only  motion  imparled  to  them,  ia 
the  odd  one  of  alternately  pushing  them  inside  out 
and  outside  in. 

If  a  collapsed  bladder  or  leather  bag,  be  secured 
K^  8Q_  at  its  orifice  to   the   upper  end   of  a   perpendicular 

tube  whose  lower  end  is  placed  in  a  vessel  of  water, 
(No.  80)  then,  if  by  some  contrivance  the  bag  can  be  distended,  as  shown 
by  the  dotted  lines,  the  small  quantity  of  air  contained  in  it  and  the  pipe 
would  become  rarefied,  and  consequently  unable 
to  balance  the  pressure  without — hence  Uie  liquid 
would  be  farced  up  into  the  bag,  until  (he  air  within 
became  again  condensed  as  before — that  is,  the  blad- 
der would  be  filled  with  water,  with  the  exception 
of  a  quantity  equal  to  (he  space  previously  occupied 
by  the  air  within  it  and  the  pipe. 

To  convert  this  simple  apparatus  into  a  pump,  two 
valves  or  clacks  only  are  wanting.  One,  opening  up- 
wards and  placed  in  any  part  of  the  pipe  or  at  either 
of  its  extremities.  This  will  allow  water  to  pass  up 
through  it,  but  none  to  descend.  The  other  placed 
over  an  aperture  made  on  the  top  of  the  bag,  and 
opening  outwards — through  this  uie  contents  of  the 
vessel  when  collapsed  can  be  discharged;  and  when 
distended  it  will  close,  and  thereby  prevent  the  en- 
trance of  the  external  air.  The  instrument  thus  ar- 
anged  becomes  a  beUoiot  pump,  (No.  81,)  a  machine, 
which  from  the  obvious  application  of  the  bellows  to 
raise  and  spout  water  as  well  as  air,  has  been  re- 
invented by  machinists  in  almost  every  age. 
No.  Bi.  BaUniPa^.  1'he  figure  scarcely  requires  illustration.  It  repre- 
sents a  pipe  attached  to  the  under  board  of  a  circular 
or  lantern  bellows,  the  orifice  of  which  is  covered  by  a  clack — the  uppeiw 
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bMrd  hu  alao  an  opening  in  ita  oentre  which  ib  closed  by  a  valve  or  ciack, 
ud  kbo  furnished  with  a  rod  knd  handle.  The  under  board  sometimea 
forrna  the  bottom  of  a  box,  in  one  mde  of  whi<*  a  apoui  ia  inserud,  aa 
•hown  by  the  dotted  lines. 

The  earlicit  representotion  of  a.  bellows  pump  which  we  have  met 
with  in  books,  is  among  the  curious  cuts  attached  to  tlie  first  German 
tnnslatioD  of  Vegetius,  from  which  No,  82  is  copied.  (Erffurt  1511)'  It 
will  suffice  tc  show  the  application  of  this  kind  of  pump  lo  raise  water 
at  that  time.  There  was  of  course  a  valve  covering  the  interior  orifice 
of  the  noczle  and  opening  outwards,  to  prevent  the  air  from  entering 
when  the  upper  board  wai  raised.  This  valve  is  not  shown  because  the 
art  of  representing  the  interior  of  machines  by  section,  was  rot  then  on- 
derstood,  or  not  practiced.  The  lower  board  is  fastened  to  the  ^und  by 
a  post  and  key,  and  a  weight  is  placed  on  the  upper  one  to  assist  in  ex- 
pelling the  water. 


No.  ea.   G«niu  AUHKiiliihe  Bdlovi  PuBp.    A.D.  13II. 

One  hundred  years  ago,  two  bellows  fixed  in  a  box  and  worked  by  a 
double  lever,  like  the  old  fire  or  garden  engine,  was  devised  by  M.  Da 
Puy,  Master  of  Requests  to  the  king  of  France.  The  machine  was  re- 
commended to  raise  water  from  the  holds  of  ships,  drun  lands,  Sec.  It 
appears  that  the  widow  of  M.  Du  Puy,  expected  to  reap  great  advanlagee 
from  it  in  Eingland ;  but  Dr.  Desaguliere,  m  1744,  published  a  description 
of  it  taken  from  the  French  account,  and  among  other  remarks  he  ob- 
served— "About  fourteen  years  ago,  two  men  here  applied  for  a  patent 
for  this  very  engine,  proposing  thereby  to  drain  mines;"  •  •  •  "  all  the 
difference  was,  that  their  bellows  were  fixed  upon  a  little  waggon;  and 
they  had  a  short  sucking  pipe  under;  and  the  force  pipe  went  up  from 
the  two  bellows.  I  opposed  the  taking  oat  of  this  patent,  because  I 
thought  it  would  be  of  great  hurt  to  the  undertakers,  to  lay  out  near 
eighty  pounds  for  what  would  never  faring  them  eighty  pence  j  unless  they 
made  a  bubble  of  it,  and  drew  unwary  people  into  a  scheme  to  subscribe 
money."  (Ex.  Philos.  ii,  501.)  Bellows  pumps  were  previously  used  in 
France.     They  are  spoken  of  as  common  in  the  old  DicL  de  Ti^voux. 

■Iain  indebted  to  Joba  Allan,  Em].  for  ■copj'  of  Ihi*  acarce  old  work.  It  ii  the  Mnw 
U  nhich  Prof.  Backmui  refen  in  his  uticlo  on  lbs  diTingball.  UDfortanUalj  ibeeals 
are  letl  witbout  aiplanation. 
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A  ne&t  and  periups  tiia  bcat.nmdificuisD  t^tluM  nuwhiiiM  wu  <le> 
viMdabautiheyearl733,  iaP»ru,  byMewra,  G^o«etaadD«uiUe.     Itwu 
daicribetl  by  Belidor  in  1739,  and  hy  Deugulian  in  1744,  h  "i.  maton 
without  friction."     It  eontitu  of  a  circular  piece  of  leather  prewea  inr 
the  form  of  ■  deep  dish,  or  of  a  1c 
crowned  hat  with  a  wide  rim.     T 
rim  is  aeeured  by  bolts  and  scr 
between  two  flanchea  of  a  pumr 
Under,  forming  an  air  tight  joini 
part  corresponding  to  the  body  . 
hat  fits  loosely  into  the  cylinder ;  ai. 
the  crown  is  slrengthed  by  a  circular 
plate   of  metal  of  the  same  aize  and        t  if    t,^    ' 
riveted  to  it     In  the  centre  of  this  ^  ^^ 

plate  an  opening  is  made  and  also 
through  the  leauier  fbr  the  passage 
of  the  water,  and  covered  by  a  valve 
opening  upwards  like  the  ordinary 
sucker  of  a  pump.     The  forked  end 
of  die  pump-rod  is  secured   to   this 
plate.    (See  figure.)     When  the  rod  ii 
raised,  the  bottom  of  the  dish  or  bat 
is  above  the  flancb,   and   when  down 
it  is  pushed  inside  out  as  shown  in 
the  cut     Thns,  by   alternately  ele- 
vating and  depressing  it,  the  water  is  raised  as  in  the  common  pump. 
This  piston  is  described  in  Vol.  VI,  of  Machines  approved  by  &e  ^French 
Academy  for  1732,  p.  85,  as  the  invention  of  M.  BonU^ne. 

The  great  advantage  of  this  pump  is  in  the  sucker  or  piston  not  rub- 
bing' against  or  even  touching  the  sides  of  the  cylinder,  hence  there  is  no  , 
friction  to  overcome  from  that  sonrce,  and  the  leather  is  consequently 
more  durable;  but  the  length  of  ttroke  is  much  less  than  in  common 
pumps,  it  seldom  exceeding  six  or  eight  inches,  lest  the  leather  should  be 
overstrained  in  pressing  it  deeper.  Large  pumps  of  this  description  were 
worked  in  the  mines  of  Brittany  incessantly  during  three  or  four  months 
without  requiring  any  repur.  India-rubber,  ana  canvas  saturated  or 
coated  with  it,  have  been  successfully  used  in  place  of  leather.  Some  | 
modifications  nf  the  sucker  have  also  been  introduced.                                                          I 

This  pump  was  re-invented  in  England  some  years  ago,  and  made  con- 
siderable noise  under  a  new  name.  See  London  Mechan.  Magaziite,  and 
Register  of  Arts,  1936-29 ;  also  the  Journal  of  the  Franklin  Institute  for 
1S3I,  vol.  vii,  193.  In  1766,  Mr.  Benjamin  Martin,  the  well  known  au- 
thor of '  Pbilosophia  Britannica'  and  other  scientific  works,  proposed  a  good 
double  pump  of  this  kind  for  the  British  navy — a  figure  and  description 
of  it  may  be  seen  in  VoL  XX.  of  Tilloch's  Philosophical  Magazine. 

Dr.  Robison,  in  the  second  volume  of  his  Mechanical  Philosophy,  pro- 
posed what  has  been  named  an  improvement  on  the  last  pump.  His  de- 
vice is  however  little  else  than  die  old  bellows  pump.  A  Rgure  of  it  and 
bis  description  are  annexed. 

A,  B,  (No.  84)  represents  a  wooden  trunk  or  cylinder  of  metal,  having  a 
a  spout  at  the  upper  part,  and  the  lower  end  closed  by  aplate,  the  opening 
in  which  is  covered  by  a  clack  valve  E,  as  in  No.  83.     To  this  plate  is  se- 
cured the  open  bottom  of  a  long  cylindrical  bag,  the  upper  end  being  fixed  ' 
to  the  round  board  F.  "  This  begmay  hemadeofleatner  orof  doubTecan-                         i 
vas,  a  fold  of  thin  leather  or  of  sheepskin  being  placed  between  the  two 
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ftlda.  Tlie  upper  end  oftbebags^ioutdbefintilytied  witbaoordinafl;rooTe 
turned  out  of  the  nm  of  the  board  at  F.  Into 
this  board  is  fixed  the  foric  of  the  piston  rod, 
and  the  bag'  ia  kept  distended  bv  a  number  of 
wooden  hoops  or  ringi  of  wire,  fixed  to  it 
at  a  few  inches  distance  from  one  another,  and 
kept  at  the  same  distance  by  three  or  four 
cords  binding  them  together,  and  stretching 
from  the  top  to  the  bottom  of  the  bag.  Now 
let  this  trunk  be  immersed  in  the  water :  it 
is  evident  Uiat  if  the  bag  be  stretched  from 
the  compressed  form  which  its  own  weight 
will  give  it  by  drawing  up  the  piston  rod,  ita 
capacity  will  be  enlarged,  the  valve  F  will 
be  shut  by  its  own  weight,  the  air  in  the  bag 
will  be  rarefied,  and  the  atmosphere  will 
■•  the  water  into  the  bag.  When  the  rod 
IB  thrust  down  again,  the  water  will  come  out 
at  the  valve  F,  and  fill  part  of  the  trunk.  A 
repetition  of  the  operation  will  have  a  similar 
sfiect;  the  trunk  will  be  filled,  and  the  water  will  at  last  be  discharged 
at  the  spout."     The  operation  is  precisely  the  same  as  in  No.  81. 

"Here  is  a  pump  without  friction  and  perfectly  tight;  for  the  leather 
between  the  folds  of  canvas  rendera  the  bag  impervious  both  to  ur  and 
water.  We  know  from  exneriment  that  a  bag  of  six  inches  diametar 
made  of  sail  cloth  No.  3,  with  a  sheepskin  between,  will  bear  a  column 
of  fifceen  feet  of  water,  and  stand  six  hours  work  per  day  for  a  month, 
without  failure;  and  that  the  pump  ia  considerably  superior  in  effect  to  k 
common  pump  of  the  same  dimensions.  We  must  only  observe  that  the 
length  or  the  bag  must  be  three  times  the  intended  length  of  the  stroke, 
■o  that  when  the  piston  rod  is  in  its  highest  position,  the  angles  or  ndgea- 
of  the  bag  may  be  pretty  acute.  If  the  bag  be  more  stretched  than  this, 
the  force  which  must  be  exerted  by  the  laborer  becomes  mnch  greater 
than  the  weight  of  the  column  of  water  which  he  is  raising." 

But  after  alt  that  can  be  aaid  ia  favor  of  bellows  pumps,  they  have  their 
disadvantages.  A  prominent  one  is  this:  when  the  leather  or  other  ma- 
terial of  which  they  are  formed  is  worn  out.  a  practical  woHtman,  who 
is  not  to  be  obtained  in  every  place,  is  required  to  renew  it.  Unlike  re-- 
placing  the  leather  on  an  ordinary  'sucker',  which  a  farmer  or  a  sailor  on- 
ship-board  can  easily  accomplish,  the  operation  requires  practice  to  per- 
form it  efficiently,  and  the  expense  both  of  dme  and  materials  is  muck 
greater  than  that  of  similar  repairs  to  the^mmon  pump.  For  these  and' 
other  reasons,  bellows  pumps  have  never  secured  a  permanent  placa- 
among  staple  machines  for  rajsing  water,  and  the  old  cyliodncal  pump" 
atilf  retains  the  preeminence,  notwithstanding  the  almost  innumerable  pro- 
jects that  have  been  brought  forward  to  supersede  iL 

The  preceding  machines  resemble  in  some  degree  the  apparatus  for 
drinking  which  the  Creator  has  furnished  to  us  and  to  such  quadrupeds' 
as  do  not  lap.  When  an  ox  or  a  horse  plunges  his  mouth  iuto  a  stream, 
he  dilates  his  chest  and  the  atmosphere  forces  the  liquid  up  into  his  sto- 
mach precisely  aa  up  the  pipe  of^  a  pump.  It  is  indeed  in  imitation  of 
those  natural  pumps  that  water  is  raised  in  artificial  ones,  The  thorax  i»- 
the  pump;  the  muscular  energy  of  the  animal,  the  power  that  works  it; 
the  throat  is  the  pipe,  the  lower  orifice  of  which  is  die  mouth,  and  which 
he  mutt  neceisanly  insert  into  the  liquid  he  thus  pomps  into  his  stomach  i 
27 
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wai  wheDerer  the  d«pth  ai  wkur  is  inanffident  to  cover  the  <^>eBmg  W- 
tween  his  lipi,  the  a.ninMl  iosuncuveijr  dniwa  closer  those  portions  of  thent 
above  it,  and  contncu  the-oriEce  below,  just  as  we  do  under  stmiUr  cir- 
mraitaDcee,  and  which  we  consutitly  practice  in  sipping  tea  or  coffee  from 
a  cup,  or  any  other  beTerage  of  which  we  wish  to  partuke  in  small  <fuan- 
tities.  The  capacious  cheat  of  the  tall  camel,  or  of  the  srill  taller  caoie- 
]oopard  'Or  ffirs£fe,  whose  head  sometimes  moves  twenty  feet  from  tho 
ground,  is  a  large  bellows  pump  which  raises  water  through  the  long 
channel  or  pipe  in  his  neck.  The  elephtnt  by  a  similar  pneumatic  appa* 
ntuB,  elevates  the  liquid  through  that  nexible  'suction  pipe,'  his  proboscis; 
and  those  nimble  engineers,  the  common  baiue-flias,  raise  it  through  their 
minikin  trunks  in  like  manner. 

We  may  here  remark,  that  among  the  gigantic  animals  which  in  remote 
ages  roamed  over  this  planet,  and  which  quenched  their  thirst  as  the  ox 
does,  there  could  have  been  none  which  stood  so  hiffh  as  to  have  their 
•toraacht  thirty  feet  above  the  water  they  thus  raised  mto  them.  And  on 
the  r&ble  lands  of  Mexico,  and  the  still  higher  regions  of  Asia,  Africa,  and 
South  America,  animals  of  this  kind,  if  such  there  were,  must  have  had 
their  stomachs  placed  still  lower. 

The  mandibles  of  some  insects  are  hollow,  and  are  used  as  sucking 
pnmpa.  They  serve  also  someumes  as  sheaths  to  poniards,  with  which 
nature  has  furnished  them,  as  weapons  of  offence  and  defence.  Those 
of  the  lion-ant  are  pierced,  and  "oo  doubt  act  as  suckaia."  This  little 
«nimal  constructs  a  minute  funnel-shaped  excavation  in  dry  sand,  aud  co- 
vering its  body  at  the  bottom  lays  in  wait,  like  an  assassin,  for  its  prey : 
"do  sooner  does  an  industrious  ant,  laden  perhaps  with  its  provision,  ap- 
proaoh  the  edge  of  the  slope,  than  ihe  finely  poised  sand  gives  way,  and 
A:e  entrapped  victim  rolling  to  the  botmm,  is  mstandy  seized  and  tmeAed 
te  a  ikadow  by  the  lurking  tyrant,  who,  soon  after  by  a  jerk  of  his  head 
'tosses  out  the  dead  body."  Weasels  and  other  araraals  suck  the  blood 
of  their  prey.  The  tortoise  drinks  by  suction,  for  which  purpose  he 
plunges  his  head  deep  into  the  fluid,  so  as  even  to  cover  his  eyes.  There 
-are  several  species  of  birds  denominated  'tMdoriaS  on  account  of  theu* 
trirtwniog  food  by  means  of  atmospheric  pressure,  which  they  bring  into 
action  by  apparatus  analogous  to  the  pump.  The  graUaiore*  or  toader*, 
"sack  up'their  food"  out  of  water. 

It  is  impossible  to  contemplate  the  structure  and  habits  of  animals, 
vithont  being  surprised  at  the  KettiU  to  which  this  prindple  of  raising  li- 
qoids  has  been  adopted  by  the  Almighty  in  the  formation  of  insects,  rep- 
■tileB,  fishes,  birds,  amphibia  and  lana  animals  :  and  also  at  its  adaptation 
to  their  vanous  forms,  natuMS,  and.  pursuits.  Had  we  the  necessary 
Icnowledge  of  their  physiology,  we  would  desire  oo  greater  pleasure,  no 
■odier  employment  than  to  examine  and  describe  these  natural  pneumatio 
machines,  and  the  diversified  modes  of  their  operation. 

For  other  natural  pumps,  see  remarks  at  the  end  of  Chapter  2,  on  bel- 
lows foreiitg  pumps,  in  the  next  Book. 

The  vend*  or  vases  figured  in  this  chapter  are  ancient.  Those  in 
which  the  tubes  are  inserted  in  illustrabons  Nos.  80  and  Bl,  are  of  gisss; 
the  one  under  the  pamp  spout  in  No.  83,  is  a  bronie  bucket;  all  from 
P<Hnpeit  The  latter  is  referred  to  at  pam  67.  The  globular  vessel  in 
No.  84,  is  a  figure  of  a  brazen  canUron,  um  Roman,  &Mn  Hiason.  See 
•page  19  of  this  volnmo. 
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CHAPTER    VI. 

Tka  ■laapliarie  poMp  nppaHd  briowi  pannaiu  be  vCBodanaTlfiK— I^Judea  uwanli  (k*  nB- 
■Igiu— Tkair  koDoltdC*  of  kydrodrnuaiet-AbHrdllr  of  u  alledKed  pnaf  or  [ktlr  l(iHiru«  of 
■  (iBipU  piiKipla  of  kTilMMUter-CoBBOi  crlladrial  pup— 1u  uUqiii<T^^Hl"'ly  kunra  ■»• 
in  Iks  Pcai  of  >  dpkB>— Tka  ^Itts  dT  lb*  Gnak*— Vied  u  i  lUp  panp  kr  Ike  Bowmt-Hlfa 
rup— Paiuklg  pup*— Woodu  pupa  alwivi  ■«<  '■  ■kipi  IHiwIpUM  U  mw>  in  Ike  U.  B.  Nmf 
—ItgamitUt  ot  mUonSlMfalv  mad*  of  Hklof  wsadas  panp^  trea  Duipicr-'Old  dniniai  puap— 
Puipa  la  piblie  ud  pritau  vaUa~Ie  miaaa— Pmp  Ihm  Afrirolm,  witk  Of  ana  of  tuIddi  boica— 
DoaUa  pasp  ronaari}  naed  la  On  Blaei  af  OariBiiir,  flram  FJodd'e  work*— Tka  vsoiIeb  puMp  aM  tm- 
pisTtd  bj  tke  iKjana— In  bh  caadaad  cUaly  la  dirilkiiad  Malaa. 

SoHx  peraoDS  *re  UDwUling  to  adroit  that  the  atmotpberic  pump  wu 
known  to  the  aDcieots,  and  yet  they  are  unable  to  prove  ita  origin  in  later 
titOM  or  by  more  recent  people.  The  pauagcs  in  ancient  Buthore  in  which 
it  is  Mippoeed  to  be  roentloned  or  sJliided  to,  are  deemed  Inconclusive, 
bacaaae  the  ternu  by  which  it  i*  detignaiad  were  alK  applied  to  other 
devicei. 

To  confine  the  knowledge  of  the  anotenta  to  such  departments  of  the 
arts  as  ate  either  expressly  mentioned  or  referred  to  in  Grwek  and  Romaa 
authors,  and  to  those,  specimens  of  which  have  been  preserved  to  our 
times,  is  neither  liberal  nor  just  Let  us  suppose  Europe  and  the  United 
States,  in  the  course  of  (iiture  time,  thrown  back  into  barbarism,  and  all 
records  perished,  save  a  few  fragments  of  the  works  of  oar  dramatists, 
poets  and  historiani; — and  that  after  the  lapse  of  some  1500  or  2500 
years  these  should  be  discovered — and  also  some  relics  of  our  archi- 
tecture, pottei^,  and  works  in  die  metals :  Now  we  should  think  the 
writers  of  those  days  illiberal  in  the  extreme,  who  should  conclude  that 
we  were  ignorant  of  nearly  all  branches  of  science  and  of  the  arts;  and 
of  every  machine  which  was  not  partieularly  mentioned  or  illnstrated  in 
the  former~<)r  of  which  specimens  were  not  found  among  the  latter. 
And  yet  something  like  this,  has  been  the  treatment  which  the  ancients 
have  received  at  our  hands. 

It  cannot  however  be  denied,  that  remains  of  their  woi^  still  extant, 
exhibit  a  degree  of  skill  in  archiifcture,  sculpture,  metallurgy,  pottery,  en- 
gtaving,  Sec  which  excels  that  of  modern  artists.*  And  as  regards  thair 
knowledge  of  hydrodynamics — let  it  be  remembered,  that  we  are  in- 
debted to  them  for  canals,  aqueducts,  fountains,  jets  d'ean,  syringes,  for- 
cing pumps,  siphons,  valves,  sir  vessels,  cocks,  pipes  of  stone,  earthen- 
ware, wood,  of  lead  and  copper:  yet  notwithstaneung  all  these,  and  th«r 
numerous  machines  for  raising  and  transferring  water,  and  the  immense 
ouantitles  of  tubes  for  conveying  it,  which  are  found  scaitered  over  all 
Asia  as  well  as  Italy^  and  Greece,  it  has  been  gravely  asserted,  that  they 
were  ignorant  of  one  of  the  elementary  and  most  obvious   principles  « 

■  It  wsa  nmsrfced  by  the  late  Mr.  Wsdgewood,  wha  was  doabtlMs  the  moat  AtUbl 
msnabelarer  orporcclaiu  m  aar  own  lime*,  that  the  funaae  Barbarini  frue  i&brded 
avtdence  of  an  art  of  potu^  unong  the  UKienli  of  which  «re  are  m  f  et  ignorant, 
•ven  of  the  mdiments.    Edm.  En^c.  vol.  ii,  903. 
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hjdroBlaucs :  viz.  that  bj  which  w&ter  in  open  tabes  finds  its  own  level  : 
a  fact,  of  which  it  may  safely  be  asserted,  it  was  iMpouiiie  for  them  not 
to  have  known — ■  fact  with  which  the  Indians  of  Peru  and  Mexico  were 
familiar;  and  one  expressly  mentioned  by  Fliny  :  "water,  (be  observes) 
always  ascends  of  itself  at  the  delivery  to  the  height  of  the  head  from 
whence  it  gave  receipt — if  it  be  fetched  a  long  way,  the  worii  [pipe]  will 
rise  and  fall  many  limes,  but  the  level  [of  the  water]  is  still  maintained." 
Besides  the  lestimony  of  Pliny,  fountains  and  jets  d'eau  are  incontro- 
vertible proofs  that  a  knowledge  of  ihe  fact  is  of  stupendous  antiquity  ; 
Uiey  having  been  used  in  the  east  from  immemorial  ages. 

But  the  proof  adduced  to  establish  their  ignorance  in  this  particular,  is 
aa  singular  as  the  position  it  is  brought  forward  to  sustain,  since  it  equally 
estabhsbes  our  own  ignorance  of  the  same  principle  !  It  has  been  said, 
had  the  ancients  known  that  water  finds  its  level  at  both  extremities  of  a 
crooked  tube,  they  would  have  conveyed  it  through  pipes  to  supply  their 
cities,  instead  of  erecting  those  expensive  aqueducts  which  were  among 
the  wanders  of  the  world,  and  remains  of  which  still  strike  tbe  be- 
holder with  admiration. — in  reply  to  this  it  need  only  be  obeerved,  that 
should  BTiy  remains  of  the  Croton  aqueduct,  now  constructing  to  mppiy 
this  city  (New-York)  with  water,  be  ibund  two  thousand  years  hence, 
they  may,  by  the  Monte  argument,  be  adduced  as  proofs  that  the  present 
engineers  of  the  United  States  were  ignorant  that  water  poured  into  an 
inverted  siphon  would  stand  at  the  same  level  in  both  its  branches. 

The  fact  is,  the  ancients  did  sometimes  convey  water  over  eminences  in 
siphons  of  an  easy  curvature.*  And  aqueducts  were  in  some  few  instan- 
ces carried  through  valleys  by  mtWteiJ  siphons-  In  the  reign  of  Clmidiue, 
an  aqueduct  was  formed  to  convey  water  from  Fourvidres  to  the  highest 
part  of  the  city  of  Lyons.  As  valleys  of  great  depth  were  in  the  line  of 
Its  coarse,  works  of  an  enormous  expense  woula  have  been  required, 
which  might  have  prevented  the  execution  of  the  project;  consequently, 
instead  of  an  elevated  canal,  leaden  pipes  were  substituted,  forming  an 
inverted  siphon.* 

It  is  uncertain  when  or  by  whom  tbe  conmion  atmospbenc  pump  was 
invented.  It  is  supposed  to  have  been  known  to  the  old  Egyptians,  and 
to  have  been  used  in  the  ship  in  which  Danaus  and  his  companions  sailed 
to  Greece.'  As  the  OMl/ta  of  the  Greeks,  it  conid  not  have  originated 
with  Ctesibius,  to  whom  it  has  sometimes  been  attributed,  since  it  or  some 
other  machine  or  device  is  mentioned  under  that  name,  by  Aristophanes 
and  other  writers  who  flourished  ages  before  him.*  There  are  other  in- 
dications that  it  was  previously  known,  for  either  it  or  something  very 
like  it  is  mentioned  under  the  name  of  a  nphoH.  This  term  it  is  Known 
was  a  generic  one,  being  applied  to  hollow  vessels,  as  funnels,  cullenders, 
pipes;  and  generally  to  instruments  that  either  raised  or  dispersed  water, 
as  syringes,  catheters,  fire-engines,  sprinkling-pots,  ice'  That  the  ma- 
chine to  which  we  refer  rwsed  water  by  'suction,'  is  apparent  from  an- 
cient allusions  to  it.  According  to  Bockler,  "  the  Platonic  philosophers 
asserted  that  the  soul  should  partake  of  the  joys  of  heaven  as  through  a 
siphon;"  and  by  it  Theophrastus  explained  the  ascent  of  marrow  in 
bones;  and  Colnmella  the  rise  of  sap  in  trees.  In  these  instances,  it  is 
obvious  that  neither  the  ordinary  siphon  nor  the  syringe  conld  be  intended, 
but  the  atmospheric  pump;   a  machine   that  Agricola  described  as  a 

•FtMbroke's  Eneyc.  Antiq.  i,  41.  ^Brdnnlia,  Lon.  1S36,  p.  354.  'See  Edin. 
Eacnrc.  Art.  ChranvloK)',  vol.  *i,  303.  '  Aobinson'*  Antiqaitisa  of  Graece,'  cBp.4.  Ob 
Hilitai;  Abin.      •  8e«  Ainsworth's  Dtot. 
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■iphon ;  mod  one  to  «1iic}i  the  remark  of  Switzer  only  can  4pply— "  the  m- 
pnon  waa  undoabteilly  the  chief  instrument  known  in  t)ie  first  Kges  oftha 
world,  ([(csides  the  draw-well)  for  the  raJsing-  of  water."" 

Nor  is  there  any  thing  in  the  account  given  by  VilruviuB  of  'the  Ma- 
chine of  Cteaibiug,'  which  indicate!  that  the  atmospheric  pump  was  not  in 
previoaa  use.  Hit  description  is  obviously  that  of  a  forinng  pump,  (and 
appears  to  have  been  so  understood  by  all  his  translators,]  one  wfioaa 
working'  parts  were  placed  not  above  but  in  the  water  it  was  employed 
to  elevate ;  whose  piston  was  solid,  and  which  by  loeana  of  pipes  forced 
the  water  ahoee  ittelf;  that  raised  the  water  "very  high;" — attributes 
which  do  not  belong  to  the  common  pump.  It  is  true  he  has  not  men- 
tioned the  latter,  perhaps  because  it  was  not  then  employed  as  now  in 
civil  engineering,  and  therefore  not  within  the  scope  of  his  design  in  wri- 
ting his  work.  The  manner  in  which  Pliny  apeaks  of  it,  shows  that  it 
was  an  old  device  in  his  time,  since  it  was  one  with  which  even  countty- 
people  or  furmers,  (the  lost  to  adopt  new  and  foreign  inventiona)  were  ia^ 
miliar.  In  his  19tb  Book,  'On  Gardens,'  cap.  4,  he  observes;  when  ft 
stream  of  water  is  not  at  hand,  the  plants  should  be  watered  from  tanks 
or  wells,  the  water  of  which  may  lie  drawn  up  by  plain  pole^,  hooka  and 
buckets,  by  swapes  or  cranes,  [windlass]  "or  by  pump*  and  suoh-  like." 
And  that  these  were  no  other  than  the  old  wooden  pump  of  our  streets 
and  such  as  our  farmers  use,  is  obvious  from  a  passage  in  his  I6th  Book, 
cap.  42,  where  speaking  of  the  qualities  and  uses  of  different  kinds  of 
wood,  he  remarks,  "pines,  pitch  trees  and  altars,  are  very  good  to  make 
PUMPS  and  conduit  pipes  to  convey  water;  and  for  these  purposes  their 
wood  is  bored  hollow." 

Although  sutficient  time  may  be  supposed  to  have  elapsed  from  the  age 
of  Ctesibius  to   that  of  Pliny  for  the  introducdon  ol  the  atmospherio 

Eamp  to  the  countrymen  of  the  latter,  (suppoung  it  to  have  been  invented 
y  the  former)  we  can  hardly  believe,  if  it  were  not  of  more  remote 
origin,  that  it  could  even  in  that  time  have  found  its  way  into  Reman 
farm-yards  and  gardens ;  much  less  that  it  should  have  superseded,  (aa  it 
appears  to  have  done)  every  other  device  on  board  of  their  ships.  New 
and  foreign  inventions  were  neither  circulated  so  easily  nor  adopted  so 
readily  in  ancient  as  in  modern  days ;  and  even  now  a  long  time  would 
elapse  before  inventions  of  this  kind  would  Snd  their  way  through  the 
world  and  longer  before  they  became  generally  adopted.  But  had  the 
pumps  of  which  Pliny  speaks  been  of  recent  introduction,  he  would  ceiv 
t^nly  have  said  so;  and  had  iJiey  been  the 'water  forcers' of  Ctesihius^ 
to  wliich  he  alludes  in  his  7th  Book,  he  could  scarcely  have  avoided  re- 
cording the  fact. 

That  the  autlia  was  the  atmospheric  pump  would  also  appear  from  ita 
employment  in  ships.  There  is  no  reason  to  suppose  that  more  than  three 
kinds  of  tnarine  pumps  were  ever  in  use — the  chain  pump,  the  screw,  and 
In  the  chapter  on  the  former  we  have  shown  that  it 


known  or  used  by  the  Greeks  and  Romans.  The  screw  was  Rrst 
adopted  as  a  ship  pump  by  Archimedes,  (see  page  133)  and  hence  it 
would  seem  thai  the  last  only  could  be  intended  by  more  oncient  as  well 
as  subsef]uent  authors  when  speaking  of  the  antlia :  chat  it  was  so,  anti- 
quarians generally  admiL  "  The  well,  (says  Fosbroke  in  his  article  o 
vessels  of  the  chusieal       '       '  ■    .  .       .         ■    .■ 


its)  was  emptied  by  the  winding  screw  of 
Archimedes  now  in  use  ;  but  in  other  ships  by  the  antlia  or  pump."  It  is 
of  the  latter  that  Pollux  speaks,  and  to  it  Tacitus  refers  when  mentiotiin^ 
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the  wreck  of  some  venoU  in  which  0«nnaiucas  and  his  le^iona  sailsd 
down  the  AmiBia  into  the  Oernian  ocean:  "the  billowt  hroke  over  them 
with  aucb  violence,  that  all  the  pumpa  at  work  could  not  diacharga  the 
water."     [B.  ii,  23.     Murphy's  Trensiation.] 

Martial,  the  Roman  poet,  speaka  of  the  andia  aa  a  machine  '  to  draw  up 
water ;'  according  to  Ainsworth,  '  a  pump.*  Kircher  figureB  and  deaoribea 
the  old  wooden  pump  as  the  antlia.     [Mundus  Subterraneus,  torn,  ii,  196,] 

The  Romans  appear  lo  Lave  employed  it  exclusively  or  nearly  m  in 
their  navy;  and  even  in  that  of  the  Ureeks  it  ia  not  probahle  that  the 
acrew  was  extensively  adopted,  on  account  of  its  not  bein^  so  well  adap- 
ted for  ships  aa  die  other.  Of  this  the  former  people  seeiu  to  have  been 
convinced  ;  they  preferred  the  pump  and  all  modem  nations  have  con- 
firmed their  judgmenL  Had  they  used  the  screw  to  any  extent  it 
would  have  been  conlLnued  in  European  vessels  after  the  fall  of  the  Em- 
pire, when  most  of  their  arts  and  customs  were  naturally  and  necessarily 
continued — their  ship  pumps  aa  well  aa  their  ships.  But  as  the  atmos- 
pheric pump  only  has  so  come  down,  we  infer  that  the  machine  now  com- 
monly used  to  discharge  water  from  the  holds  of  our  vessels  is  identical, 
or  nearly  so,  with  that  employed  by  Roman  sailors  of  old. 

The  oldest  modification  of  the  ship  pump  appears  to  have  been  that 
formerly  known  aa  the  'bilge'  or  '  burr'  pump;  and  it  was  the  airoplest, 
for  it  had  but  one  distinct  valve,  via.  'the  lower  box,'  aa  the  one  which 
retains  the  water  in  a  pump  is  sometimes  nameij.  This  pump  kept  ita 
place  ia  ^ips  ull  the  last  century,  and  mav  yet  occasionally  be  met  with 
in  those  of  Suropo.  It  was  of\eii  worked  without  a  lever,  but  its  pecu- 
liarity consisted  jirincipally  in  the  construction  of  the  piston  or  sucker," 
It  dinered  from  the  ordinary  pump  "in  that  it  hath  a  ataff,  six,  seven  or 
eight  foot  long,  with  a  bur  of  wood  whereunto  the  leather  is  nailed,  and 
this  serves  instead  of  a  box ;  so  two  men  standing  over  the  pump,  thrust 
down  this  staff,  to  the  middle  whereof  ia  fastened  a  rope  for  six,  eight  or 
ten  to  hale  by,  and  so  they  pull  it  upanddown."  This  account  published 
nearly  200  years  ago,  might  be  suiBctently  deacripttve  then,  when  the 
pump  was  in  common  use,  bat  few  persons  could  now  realize  fnim  it  a 
correct  idea  of  the  substitute  for  the  ordinary  sucker.  It  is  however  ra- 
ther more  explanatory  than  the  accounts  given  in  later  works.  In  some  it 
has  beea  described  as  "  a  long  staff  with  a  bnrr  at  the  end  to  pump  op  the 
bilge  water."  Here  the  burr  only  is  mentioned,  not  the  leather,  and  the 
idea  imparted  is  that  of  a  solid  piston,  suoh  as  are  used  in  forcing  pnmpa. 

The  sucker  of  the  bilge  pump  consists  of  a  hollow  cone  or  truncated  cone 
of  strong  leather,  the  base  being  eijual  in  diameter  to  that  of  the  pump 
chamber  or  cylinder.  It  is  inverted  and  nailed  to  the  lower  end  of  the 
rod.  The  lower  edge  of  the  leather  resbng  against  the  bnrr.  When 
thrust  down  it  collapses  and  permits  the  water  to  pass  between  it  and  the 
tides  of  the  chamber,  and  when  its  motion  is  reversed,  the  weight  of  the 
li<|uid  column  above  it,  presses  it  out  again.  To  prevent  the  cone  from 
sagging,  three  strips  of  leather  are  sewed  to  its  u[>peP  part  at  equal  dis- 
lauc,:a  from  each  other,  and  their  other  ends  nailed  to  the  rod.  {See 
No.  85.)  The  action  of  this  sucker  is  aomething  like  moving  a  parasol 
up  and  down  io  water;  the  aides  close  as  the  rod  descends  and  open 
when  it  rises.  It  is  the  simplest  modification  of  the  sucker  known  and 
probably  the  most  aucient.  It  is  figured  by  Agricola,  (vide  C  in  No.  88)  but 


*Thi9  port  of  an  itmiwphenc  pamp  ia  KiiDstimes  namBd  Ihs  raoker,  die  bucket,  tba 
upper  box,  the  piiton;— wa  shall  generalljr  nw  the  first  wh«n  wptnkia^  oT  tha  slnw- 
Bpfaetie  puoip ;  and  ihe  last  when  rsfairiiig  lo  fotting  pnmpa. 
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ii  not  mentinneii  by  Beiidor,  Switxer,  Deugulien  or  Hachette;  norhu  it 
b«fen  noticed  by  more  recent  writers,  with  tho  exception  of  Mr.  Milling 
too"  Mid  perhaiw  ODe  or  two  others.  It  baa  long  been  known  in  sonw 
paru  of  the  United  States,  Wo  noticed  it  twenty  years  ago  at  Now 
Rochello,  Westchester  county,  in  this  state,  (New- York)  and  were  ii>- 
fornwd  by  a  pump  maker  there,  that  they  "  always  had  iL"  It  is  not 
however  univortally  known,  for  in  1831  a  patent  was  taken  out  far  iL"" 

There  is  another  application  of  the 
burr  pump  in  shipg  that  is  prabably 
due  to  old  navigators.  We  allude  to 
the  am  of  those  portable  inatrumenU 
which,  says  an  old  author,  "are  made 
of  reed,  cane,  or  laceti,  [brass]  that  sea- 
men put  down  into  their  casks  to  pump 
up  the  drink,  for  tbey  use  no  ipick- 
ets."  No.  85  represents  one,  with  a 
separate  view  of  the  sucker,  from  an 
illustrated  edition  of  Virgil,  of  the  16th 
century.  They  appear  to  be  of'con* 
siderabls  antiquity  and  wer«  perhaps 
used  for  the  same  purpose  by  the  ati- 

♦  U  cient  sailors   of  lyre  and  Canhage, 

iG  Greece  and  Rome.     No.  86  is  a  figure 

of  the  common  liquor  pump,  derived 
from  tha  t^mBr.  It  is  froia  L'Art  dti 
DiHillalmr,  in  '  DncriptiiMU  Alt  Art*  eC 
Mkiert,'  folio,  Paris,  1761.  The  se- 
parate section  of  the  lower  part  showa 
the  'boxes'  to  have  been  similar  to 
those  now  often  used.  Another  sucker 
a  boy's  marble,  or  a  •mall  ball  of  metal 
instead  of  a  clack.     It  was  at  that 


N0.ai     U^KK 


is  figured  with  a  spherical  valve 
being  placed  loosely  over  the  oi 
time  made  both  of  tin  plate  and  of  copper  as  at  presenL     One  of  these 

Fumps  is  mentioned  by  Conrad  Oesner,  as  constituting  part  of  a  portable 
Calian  distillery,  in  the  former  part  of  the  16th  centuiy,  at  which  period 
it  seems  to  have  been  common.     See  a  reference  to  it,  page  318. 

Ship  pumps  seem  to  have  been  made  of  bored  wooden  logs  since   the 

ind  probsbly  were  so  by  both  Qreeks  and  Ro- 

before  hie  time.     We  learn  that  they  were  made  by  thi^ 

At  the  present  day,  every 

ener  to  be  found  in  ships  than 

8  has  always   been  the  case.     It   is  to  them  only  that  refs- 


days  of  the  elder  Pliny,  ( 
mans  long  '    ' 
torvflttt,  I. 

any   other 

rence  is  made  in  the  relations  of  early  voyages.  The  vessels  of  Colum- 
bus,' Vatico  de  Gams  siid  Magalhanes,  were  furnished  with  them;  indeed 
no  other  kind  appears  to  have  been  used  by  old  European  navigators. 
From  the  importance  of  efficient  mnchines  to  raise  water  from  ships,  it 
miiy  reasonably  be  supposed  that  if  any  nation  had  poewssion  of  a  sup^ 
rior  one,  it  would  goon  have  been  adopted  by  the  restj  but  there  is  not 
the  slightest  intimation  of  any  difference  between  them.  The  pump  ia 
Spanish,  Portuguese,  English  and  French  vessels,  is  spoken  of  as  cotn- 
mon;  as  much  so  as  the  anchor  or  rudder;  thus — when  the  VUonaooa 


•EpiloBie  of  PhlhMophv,  Lou.  1833,  p.  199.  kJonrnBl  of  Am  Fruthlin  Insfi' 
state,  vol.  ii.  83S.  <  Uvdnsr'i  ArU  of  die  Qreeki  ud  fiomwH,  voL  i,  360.  <Iiw 
Tier's  Colembiu,  vel.  ii,  liiT- 
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of  Mng&lbuies'  fleet,  put  iota  Sl  Ja^  on  her  return  in  152S,  «  boat  wu 
•em  sahore  for  provisiona,  and  "soroe  negroes  to  usist  in  workwg  lie 


ptoMpi,  many  of  the  ship's  company  being  sick,  and  the  lesks  hiTi 
creased."*  In  the  account  of  Frobisber's  third  voyage  in  eearch  of  a 
nonh-west  passage  in  1576,  the  Aime  FrancU  having  run  on  a  sunken 
rock,  "Uiey  had  above  two  thousand  strokes  together  at  (At  jmmpe  be- 
fore they  could  make  their  shippe  free  of  the  water,  so  sore  she  was 
brused."^  In  the  voyage  of  some  English  vesoels  to  the  north  the  fol- 
lowing year,  one  was  nearly  lost;  "by  mischance  the  shippe  was  bilged 
on  the  grapnel!  of  the  Pavos,  [another  vessel]  whereby  the  company 
[owners]  had  sustained  great  losses,  if  the  chiefest  part  of  their  goods 
had  not  been  Uyde  into  the  Phvos  ;  for  notwithstanding  their  pumping 
with  three  pmmpet,  heaving  out  water  with  buckets  and  all  the  best  shifts 
tbey  could  make,  the  shippe  was  halfe  full  of  water  era  the  leake  could 
be  found  and  stopt."*  In  November  1S99,  two  large  Portuguese  ships 
vrived  at  Terceira  in  distress,  having  been  separated  in  a  storm,  during 
which  they  "were  forced  to  use  aU  their  pwmpet"  to  keep  afloat.'  Ta- 
vemier  sailed  in  1652,  from  the  PerMan  Gulf  to  Mastipajsn  in  a  large 
ship  belonging  to  the  king  of  Golconda; — a  storm  arose  and  became  to 
violent  that  the  water  "rowl'd  in  from  stem  to  stem,  and  the  mischief 
was  that  ovr  pumpet  were  nought"  Fortuoatfly  several  balei  of  leather 
were  on  board,  of  which  they  made  bags  or  buckets,  "which  being  let 
down  from  die  masts  with  pulleys  through  certain  gnu  holes  which  were 
cut  in  the  deck,  drew  up  a  vast  quantity  of  water."* 

Woudeu  pumps,  with  and  without  metallic  cylinders  and  boxes,  are  stiR 
common  in  Biiropean  and  American  ships  of  war.  The  latter  with  few 
exceptions  have  no  other.  A  description  of  those  on  board  the  Nonh  Ca- 
rolina, a  ship  of  the  line,  may  possibly  interest  some  readers.  This  ves- 
sel has  six.  They  are  large  trees  bored  out  and  lined  with  lead.  They 
reach  from  the  surface  of  the  main  gun  deck  to'  the  well,  a  distance  of 
twenty-three  feet  A  brass  cylinder,  2  feet  9  inches  long  and  9  inches 
bore,  in  which  the  piston  works,  is  let  into  the  upper  part  of  each; 
The  piston  rods  (of  iron)  pass  thniugb  the  centre  of  a  guide  piece,  se- 
cured over  every  pump,  and  are  thus  kept  from  deviating  from  a  perpen- 
dicular position.  They  are  connected  to  the  levers  by  slings  as  in  the 
common  brass  tilling  pump  and  some  others.  The  levers  are  double,  and 
shaped  like  those  of  nre-engines,  staves  of  wood  being  slipped  through 
the  rings  whenever  the  pumps  are  worked.  Each  lever  works  two  pomps; 
and  the  length  of  stroke,  or  the  distance  through  which  the  pistons  move 
in  the  cylinders,  is  14  inches.  The  pistons  or  upper  boxes  are  of  brass 
with  butterfly  valves;  the  band  oi  leather  round  each  is  secured  hy 
•crews,  (in  place  of  nails  In  the  wooden  box.) 

'Necessity  is  the  mother  of  invention;'  the  truth  of  this  proverb  is  often 
illustrated  by  seamen,  especially  as  regards  the  raising  of  water.  Nu- 
merous are  the  Instances  in  which  they  have  relieved  themselves  from 
situations  so  alarming  as  to  paralyze  the  inventive  faculties  of  most 
other  men;  either  by  devices  to  work  the  ordinary  pumps  when 
their  strength  was  exhausted,  or  in  producing  substitutes  for  tbem  when 
worn  out  A  singular  example  of  the  latter  is  mendoned  by  Dampier, 
which  may  be  of  service  to  sailors.  It  is  attributed  to  a  people  who  are 
not  remarkable  for  their  contributions  to  the  useful  arts,  and  on  that  account 

■Dnniey's  Vojv.  vsl- 
■IGOe,  Urock  leltar,  vol,  iij,  88 
Lm.  1746,  vol.  i,  ST.     •  Ti«f^ 
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it  would  bknlly  be  iuit  to  omit  it.  In  the  course  of  Dainpier'a  to^iss 
rouDcl  the  world,  while  auling  (in  1687)  along  the  west  side  of  Minoar 
nu>,  one  of  the  Philippine  lamnda,  he  ooncladed  to  send  the  carpenten 
ashore  to  cut  down  some  trees  for  a  howsprit  and  topcnaAC.  "And  our 
pntnps  being  faulty  and  not  serviceable,  they  did  cut  ft  tree  to  make  k 
pump.  They  first  squared  it,  then  tawed  it  in  the  middle,  and  then  hol- 
lowed each  Bide  exactly.  The  two  hollow  sides  were  made  big  enough 
to  contain  a  pump-box  in  the  midst  of  them  both,  when  they  were  joined 
together;  and  it  required  their  utmost  skill  to  close  them  exactly  to  the 
midting  a  tight  cylinder  for  the  pump-box,  being  unaccustomed  to  such 
work.  We  learned  this  way  of  pump-making  from  the  Spaniariit,  who 
make  their  pumps  that  they  use  in  their  ships  m  the  South  Seu  after  this 
manner;  and  I  am  confident  that  there  are  no  better  band-pumps  in  the 
world  than  they  have."  (Datppier's  Voyages,  vol.  i,  443.)  hi  the  th- 
■ence  of  tools  to  bore  logs  the  device  is  an  excellent  one,  and  in  some 
particulars  such  a  pump  would  be  superior  to  the  common  one.  It  is 
not  so  readily  made  as  one  of  planks,  out  it  is  more  durable. 

Various  ingenious  modes  of  working  their  puraps  have  been  devised 
by  seamen  ami  others;  the  power  of  the  men  has  been  applied  u  in  the 
act  of  i-Dwing — this  plan  by  far  the  most  efficient  is  adopted  in  the  French 
navy.  A  rope  crossed  over  a  pulley  and  continued  in  opposite  direction! 
on  a  ship's  deck,  so  that  any  number  of  men  may  be  employed  at  the 
same  time,  ha*  been  extensively  used  in  pumps  with  doable  suckers,  as 
shown  at  No.  92.  Ropes  passed  through  blooks  and  connected  ra  the 
brake  of  the  common  pump  have  also  oeen  worked  in  a  similar  way. 
Captain  Leslie,  in  a  voyage  from  Stockholm  to  this  country,  adopted  the 
following  plan,  which  in  a  heavy  gale,  may  be  very  efficient :  *  He  fixed 
a  spar  aloft,  one  end  of  which  was  ten  or  twelve  feet  above  the  top  of  his 
pumps,  and  the  other  projected  over  the  stem  :  to  each  end  he  fixed  a 
dIock  or  pulley.  He  then  fastened  a  rope  to  the  pump  rods,  and  after 
passing  it  through  both  pulleys  along  the  spar,  dropped  it  into  the  sea 
astern.  To  the  rope  he  fastened  a  cask  of  110  gallons  measurement  and 
containing  about  60  gallons  of  water.  This  cask  answered  as  a  balance 
weight,  and  every  motion  of  the  ship  from  the  roll  of  the  sea  made  the 
machinery  work.  When  the  stern  descended,  or  when  a  sea  or  any  agi- 
tation of  the  water  raised  the  cask,  the  pump  rods  descended  ;  and  Me 
contrary  motion  of  the  ship  raised  the  rods,  when  the  water  flowed  ouL 
The  ship  was  cleared  out  in  four  hours,  and  the  exhausted  crew  were 
of  course  greatly  relieved.' 

A  ship  pump  mode  of  such  boards  or  plank,  m  are  commonly  found  on 
board  of  large  vessels,  was  devised  by  Mr.  Perkins,  for  which  he  received 
a  gold  medsl  from  the  London  Society  of  Arts.  It  is  figured  and  described 
in  the  38th  volume  of  the  Society's  Transactions. 

The  facility  with  which  wooden  pumps  are  made  and  repaired,  the 
cheapness  of  their  material,  the  little  amount  of  friction  from  pistons 
working  in  them,  and  their  general  durability,  have  always  rendered  them 
more  popular  than  others.  Like  many  of  our  ordinary  machines,  they 
seem  to  have  been  silently  borne  down  the  stream  of  past  ages  to  the 
I5tb  and  16ih  centuries,  when,  by  means  of  the  printing  press,  they  first 
emerge  into  notice  in  modem  times.  The  earliest  representation  of  one 
we  have  met  with  in  print  is  in  the  German  translation  of  Vcgecius,  on  the 
■ame  page  with  No.  83,  the  bellows  pump ;  No,  87,  on  next  page,  is  a  copy. 
It  is  square,  made  of  plank  and  apparently  designed  to  drain  a  pond  or 
marsh.  The  piston  or  sucker,  which  is  separately  represented,  u  cylin- 
drical ftod  was  perhaps  intended  to  show  a  variation  in  the  constructioa 
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^  of  th«t  instnineM.     It  bu  no  valve    or 

olftck,  but  appean  to  he  a  nodificBtioa  of 
the  one  used  in  the  old  UIko  pump,  whidi 
wu  Bomeiimet  compared  to  &  'gunner's 
■ponge.' 

There  are  numeroog  proofs  in  old  au- 
thors, that  puropB  were  commna  in  torOi  ia 
the  16th  century,  since  they  are  mentioned 
ill  the  earl^  part  of  the  following  one,  as 
things  in  ordinsTy.  In  1S46,  they  were 
used  to  sortie  extent  in  those  of  London. 
In  the  'Practice  of  the  New  and  old  Phi- 
Btcke,'  by  Conrad  Oesner,  (who  died  in 
lfi65)  translated  by  Geoi^e  Baker,  'one  of 
the  Qaeene's  niaiesties  chiefe  chirurgians  in 
ordinary,'  and  dedicated  to  EliEabetb,  (Lon, 
blank  letter,  1699,)  is  a  description  of  a 
Florentine  distilling  spparatus,  to  which  a 
No.  n.  A.  D.  iMi.  portable  pump  was  attached ;  the  latter  is 

described  as  "an  instrument  which  is  so 
formed  that  the  water  by  sacking  is  forced  to  nse  up  and  run  forth,  as  the 
like  practice  is  f^ien  wed  in  pit*  of  water  or  teelift."  Folio  21a.  The  cele- 
brated malheiiiatician,  necromancer,  and  slchymist.  Dr.  John  Dee,  who 
w«B  frequently  consulted  by  queen  Elizabeth,  had  a  pump  in  the  well  be- 
longing to  his  house.  In  Beroald's  commentary  on  the  Wth  propfraition  of 
Besson,  (the  chain  of  pots]  he  observes  that  it  "  operd  sans  intermission  en 
tirant  I'eau  de  tout  puits  facilement  lani  jiompet."^  Sarpi,  who  first  dis- 
covered the  valves  of  the  veins,  compared  them  to  those  of  a  pump, 
'opening  to  let  the  blood  pass,  but  shutting  to  prevent  its  return.' 

But  pumps  bad  not  wholly,  in  the  16th  century,  superseded  the  old 
mode  of  raising  water  with  buckets  in  European  cities.  At  that  time  a 
great  portion  of  the  wells  were  open— ^if  this,  numberless  intimstiotis 
might  be  found.  Thus  in  Italy,  the  poet  Aurelli,  who  was  made  gover- 
nor of  a  city  by  Leo  X.  was  murdered  by  the  inhabitants  on  account  of  his 
tyranny,  and  his  body  with  that  of  his  mule  thrown  into  a  well.  In  Lon- 
don, it  was  not  till  the  latter  part  of  the  following  century  that  the  chain 
_i      TL!_  ■_  ___"j__,  p-^ -i._  ivn ., i -  -e 


ind  pulley  disappeared.  This  is  evident  from  the  following 
the  common  council  of  that  city  the  year  aCler  the  great  fire.  (1667)  "And 
for  the  cflTectaal  supplying  the  engines  and  squirts  with  water,  pumps  are 
to  be  placed  in  all  wells;  '^ — a  proof  that  many  were  open  and  the  water 
raised  in  buckets. 

Pumps  are  also  described  in  old  works  on  husbandry,  gardening,  &c. 
from  which  it  appears  that  they  were  often  used  to  raise  water  for  irriga- 
tion. In  the  'Sysiema  Agricultuno,  being  the  mystery  of  HuBbandry 
discovered  and  lud  open,*  Lon.  1675,  directions  are  giv«i  respecting  va- 
rious modes  of  making  and  working  them;  and  it  ia  particularly  di- 
rected that  the  rods  be  made  of  such  a  length  as  to  permit  the  suckers  or 
'■apper  boxes'  to  descend  at  every  stroke  below  the  surface  of  the  water 
in  the  well;  this  it  is  observed,  'saves  much  trouble.*  The  same  remark 
accompanies  an  account  of  windmills  for  watering  land  [pumps  driven 
by  them]  in  the  old  'Dictionarum  Rusticum.' 

In  the  mines  of  Hungary  pumps  were  early  introduced,  but  at  wb»t 
period  is  uncertain.     It  is  not  improbable  that  those  described  by  Agri- 
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DoU,  wer«  stmiW  to  such  >■  were  u«ed  in  some  of  die  same  minea  by  th* 
onoieQtB,  and  have  always  formed  part  of 
the  machinery  for  discharging  water  from.  , 
them  since  the  fall  of  the  Rumaa  empire. 
AU  that  are  figured  in  ihc  Da  Re  Metailica, 
are  extremely  simple,  and  with  one  excep- 
tion are  atmospheric  or  sucking  piimpi^ 
They  are  all  of  bored  lugs.  Some  are  un- 
" !  pumps,  and  are  worked  by  men  with 
'e,  cranks,  and  also  by  a  kind  of  pendn- 
Olhers  ar«  double,  triple,  &C.,  and 
worked  by  water  wheels.  Ol  the  last  some 
are  arranged  in  rows,  and  tho  piston  rods 
r^sed  by  cams  as  in  a  stamping  mill;  tb« 
weight  of  the  rods  carrying  them  down. 
Others  are  placed  in  tiers  one  above  ano- 
ther; tbe  lowest  one  raises  the  water  from 
the  bottom  of  the  shaft  or  well,  and  dis- 
charges it  into  a  reservoir  at  its  upper  endi 
iDto  this  reservoir  the  next  pump  is  niaced, 
which  raises  it  into  a  higher  one,  and  so  on 
to  the  top.  A  pump  of  this  kind  from  Ag- 
ricolo,  has  been  often  repiiblished.  It  was 
copied  by  Bockler  and  others.  A  figure  of 
it  IS  inserted  in  Gregory's  Mechanics,  Ja- 
u    a>    B.         J  ™-       ^  miesoti's  IWotionary,  ic. 

iffiSl  ■  We  have  selected  No,  88,  as  a  aMcimeti 

of  a  single  pump,  and  of  upper  and  lower 

boxes.  A,  A,  represent  two  of  the  latter ;  theupperpartof  oneis  tamred  to 

fit  it  into  the  lower  end  of  the  pump  log  as  is  yet  sometiniies  done.  D,  B,  an 

upper  box,  of  a  kind  occasionally  used  at  the  present  time.   The  valve  or 

clack  is  a  disk  laid  loosely  over 

the  apertures,  and  is  kept  in  its 

place  by  the  rod,  which  psssM 

through  its  centre  and  admits  it 

to  rise  and  fall.    C,  the  conical 

sucker  referred  to,  p.  S14. 

The  annexed  figure  of  a 
double  pump  is  from  Fludd'a 
works.  It  appears  u>  have 
been  sketched  by  him  white  in 
Germany,  from  one  in  actual 
use.  It  is  represented  aa 
worked  by  a  water  wheel, 
that,  by  means  of  cog  wheels 
transmitted  motion  to  Mte  hori- 
zontal shaft;  the  cams  on  which 
alternately  depressed  one  end 
of  the  levers  to  which  the  pnmp 
rods  were  attached,  and  thus 
raised  the  htter.  They  de- 
Men.  D«M*FupliO*nuBlHi.  A.Ikisl&  scended  by  their  own  weight, 
as  will  appear  from  an  inspeo- 
tion  of  the  figure.  The  separate  view  of  a  rod  is  intended  to  show  the 
^plication  of  cranks  on  die  horizontal  shaft,  in  place  of  cams  and  le- 
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Ten.  The  lower  ends  of  the  pnmps  are  inserted  in  baskeu  wbich  act  u 
strainers.  A  double  series  of  pnmps,  (one  over  the  oUwr)  as  employed 
iu  a  mine  at  Markirch  in  Genaany.  is  aJso  fibred  by  Fludd.  It  is  inte- 
resting on  account  of  the  mode  of  communicating  motion  to  the  rods.  A 
crank  on  the  axle  of  a  water  wheel  imparts  motion  to  a  walking  beam,  as 
in  a  steam  engine;  (in  the  latter  the  operation  is  reversed)  and  the  pump 
rods  are  sttacned  to  both  ends  of  the  oeara.* 

The  idea  may  probably  occur  to  the  general  reader,  that  the  mechani- 
cal talent  and  enterprise  of  die  preceding  and  present  century,  which 
have  produced  so  many  original  machines  and  scarcely  \eh  an  ancient 
device  animproved,  must  have  imparted  to  the  old  almosplieric  pump  new 
features,  and  made  it  capable  of  increased  results.  It  is  true  that  few  de- 
vices have  occupied  a  greater  share  of  attention,  and  on  none  have  more  ef- 
forts to  improve  them  been  bestowed;  but  how  far  these  have  been  suc- 
cessful may  be  inferred  from  the  fact— that  notwithstanding  the  endless 
variety  of  forms  into  which  its  working  parts  have  been  changed,  and 
the  great  number  of  alledged  improvements  in  suckers,  pistons,  valves,  &c. 
the  machine  as  made  by  the  ancients,  still  generally  prevaiU ;  so  that 
were  some  of  their  pump  makers  to  reappear,  and  visit  their  fellow  crafts- 
men throughout  the  world,  they  would  find  little  difficulty  in  resuming 
their  occupation. 

The  pump,  although  a  simple  instmraeot,  is  confined  chiefly  to  civilized 
states,  while  the  exleiU  to  which  it  is  employed,  indicates  pretty  correctly 
tbe  degree  of  relinemeet  attaiiied  by  the  people  who  pt^seas  it.  Whether 
it  was  known  to  the  Egyptians  under  tbe  Pharaohs  or  not,  may  be  a 
question;  but  when  Egypt  under  the  Greeks  realized  a  partial  revival  of 
her  former  glory,  the  forcing  pump  we  know  made  its  appearance  there; 
and  under  tne  second  Ptolemy,  when  that  country  was  a  school  for  the 
rest  of  the  world,  its  most  valuabte  modifications  were  known.  In  suo- 
ceeding  ages,  the  atmospheric  pump  has  been  a  regular  attendant  on  the 
revival  of  learning  and  of  the  arts.  Wherever  these  have  made  the  roost 
progress,  th»t  the  pump  is  mostly  used.  In  Germany,  Prance,  Holland, 
Great  Britain,  and  the  United  States,  it  is  most  extensively  employed.  In 
Spain,  Portugal,  Mexico  and  South  America,  but  partially  so.  In  Turkey, 
Efgypt,  Greece,  &«.  still  less ;  while  in  Asia  and  Africa,  generally,  it  is  un- 
known.' Egypt,  even  under  the  auspices  of  Mohammed  Ali,  is  not  yet  pre- 
pare to  receive  it  again.  Its  history  in  any  country  is  that  of  the  people. 
Take  Russia  for  an  example  :  of  the  devices  for  raising  water  there,  we 
are  informed  the  inhabitants  use  the  swape,  a  rope  passing  over  a  pulley, 
(No*.  13  and  14)  a  drum  on  which  a  rope  is  wound,  (No.  S3)  horizontal 
and  vertical  wheels,  and  lastly  pumps;  these  last  it  is  said,  were  formerly 
«ry  rare,  but  are  now  become  commtM.^  Just  so  of  the  people,  they  were 
formerly  very  rude  and  ignorant,  but  are  now  becoming  enlightened. 

•I>«  Natune  Simia  tea  Technics  mscrocoiioi  hwloria.  pp.  453,  455. 
*  As  renrds  a  knowledge  or  the  pump  in  China,  sae  remaiks  on  Chinasa  bellows,  in 
(be  next  Book. 
•Lyell's  Charaotei  of  the  RnssisM,  sad  s  deuilsd  hklotf  orHoacow.  Lou.  1833,  p.  63. 
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pc*T«M  WMtat  ]■  i)hb  Awn  ft«asiaf — Wolki  b«bif  ckM«d,  b 
pUcaUon  of  lk«  atBotpbedc  p«mp  la  dmw  wmtmw  froa  grtmt  iUiUbem  ■■  wall  ■■  dvfMh — Blafinlu'  d^ 
(•niituca  aUiadlaK  llw  Irial  nf  i  Bpulik  pniap  la  Bivill>_EiiiUBBa(  produiwl  by  il— WUn  nted 
tAfn*l*laTBllDiiH^>UmfihirlGprAHara  whsmnLAsd  with  mil — D«eplicHB  praetkad  ob  thii  prit- 
clpla — Dfltin  Ui  ruH  water  ift/  hal  bf  atmoapbane  pniaiir^^llDdideatioiu  of  tha  paiop  inavBvnbk 
^Anpa  wllk  twa  p^toaa — Fraacli  maiiba  pBbp — Carrcd  paMp — Mutbiabitiack^  pBBp'-^CaillrLnifal 
puBj^-WaK*!  pBMp-^orfa^  iBptoTiaaBt— Oriflaal  eamriflkfal  piimi    iinlaiir  baotala  ifbrad  in  Uila 

That  t}ie  public  liydraulic  machinery  of  the  Roinana  wu  of  ihe  moH 
durable  matariala  aumcienily  appears  from  Vitnivius.  The  chain  of  poU 
described  by  him  wai,  contrary  to  the  practice  in  Alia  and  Egypt,  wholly 
of  metal — the  chain  was  of  iron  and  tbe  buckets  of  brass.  The  pumps 
V  Ctesibius  that  were  employed  id  raising  water  to  supply  some  of  the 
public  fnuntains,  be  informs  us,  were  also  of  brass  and  the  pipes  of  cop- 
per or  lead.  Some  of  the  oldest  pumps  extant  in  Europe  are  formed  al- 
together of  the  latter.  Leaden  pumps  were  Tery  common  in  tbe  Ifith 
century.  They  are  mentioned  by  old  physicians  among  the  causes  of  cer- 
tain diseaaeB  in  families  that  drank  water  out  of  them.  The  pump  of  the 
celebrated  alchymist,  Dee,  alluded  to  in  the  last  chapter,  was  a  leaden 
one;  and  which  he  expected  to  be  able  to  transmute  into  gold,  by  means 
of  the  elixir  or  tha  philosopher's  stone,  which  he  spent  his  life  and  fortuna 
in  Mcking.  In  the  vicinity  of  some  English  lead  mines  such  pumps  have 
for  many  centuries  been  in  use.  The  Italian  pump  that  led  to  the  disco- 
verr  of  atmospheric  pressure  was  also  a  meiallic  one. 

The  introduction  of  metals  in  the  construction  of  pumps  greatly  ex- 
tended their  application  and  usefulness,  for  they  were  then  no  loneer  re- 
quired to  be  placed  directly  over  tbe  liquids  they  raised.  Those  of  wood, 
were  necessarily  placed  within  the  wells  out  of  which  they  pumped 
water;  but  when  the  woriting  cylinder  and  pipes  were  of  copper  or 
lead,  the  former  might  be  in  the  interior  of  a  buUdmg,  while  the  reservoir 
or  well  from  whence  it  drew  water,  was  at  a  distance  outside;  the 
pipes  forming  an  air-tight  communication  between  them  under  the  surface 
of  the  ground. 

The  following  figure,  (No-  90)  represents  a  common  metallic  sucking 
pump ;  the  cylinder  of  cast'iron  or  copper,  and  the  pipes  of  lead.  It 
will  serve  to  explain  the  operation  of  sudi  machines  in  detail,  and  to 
show  the  extent  of  their  application.  When  this  pump  is  first  used,  water 
is  poured  into  the  cylinder  to  moisten  the  leather  round  the  suoker,  and 
the  pieces  which  form  the  clacks  or  valves ;  it  also  prevents  air  from  pas- 
sing down  between  the  sucker  and  the  sides  of  the  cylinder  when  the 
former  is  raised.  Now  the  atmosphere  rests  equally  on  both  orifices  of 
the  pipe,  the  open  one  in  the  well,  and  the  other  covered  by  a  valve  at 
the  bottom  of  the  cylinder :  in  other  words,  it  presses  equally  on  the 
water  in  the  cylinder  and  in  the  well  which  covers  both  ;■  but  when  by 
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die  depreMinn  of  the  handle  or  lever,  the  sucker  is  nised,  this  equality  !■ 
destroyed,  for  the  atmospheric  column  over  the  cylinder,  and  consequently 
over  the  valve  O  is  lifted  up,  and 
MStained  by  the  tucker  alone;  it 
therefore  no  longer  presses  on  the 
upper  orifice,  wliile  its  action  on  the 
lower  one  retnains  undiminished. 
Then  as  the  external  air  cannot  en- 
ter the  pipe  to  restore  ihe  equili- 
brium except  through  its  orifice  im- 
mersed in  tne  well ;  in  its  efforts  to 
do  so,  (if  the  expression  is  allowa- 
ble) it  necessarily  drives  the  water 
before  it  on  every  ascent  of  the 
sucker,  until  the  air  previously  con- 
tained in  the  pipe  is  expelled,  and 
both  pipe  and  cylinder  become  filled 
with  water. 

The  subsequent  operation  is  ob- 
vious. When  the  sucker  descente 
the  clack  on  its  upper  surfnce  is  rai- 
sed by  the  resistance  of  the  water 
through  which  it  passes;  and  when 
at  the  bottom  of  the  cylinder,  tliia 
clack  closes  by  its  own  weight :  so 
that  when  the  sucker  is  again  eleva- 
ted, besides 
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tauce  of  the  atmosphere,  it  carries 
up  all  the  water  above  it,  and  which  it  discbarges  at  the  spout — at  the 
same  time  the  atmosphere  resting  undisturbed  on  the  water  in  the  well, 
pushes  u|i  a  fresh  portion  into  the  vacuity  formed  in  the  cylinder,  and  the 
valve  O  prevents  its  return. 

Tne  horizoittal  distance  between  the  cylinder  or  working  part  of 
the  pump  and  the  well  is,  in  theory  unlimited,  but  in  practice  it  seldom 
exceeds  one  or  two  hundred  feet.  In  all  cases  where  long  pipes  are 
used,  their  bore  should  be  enlarged  in  proportion  to  their  lengtn,  or  the 
velocity  with  which  the  sucker  is  raised,  should  be  diminished  ;  and  for 
this  reason — lime  is  required  to  overcome  the  inertia  and  friction  of  long 
columns  of  water  in  pipes ;  hence  a  sucker  should  never  be  raised  faster 
than  the  pipe  can  furnish  water  to  fill  the  vacuity  formed  by  its  ascent. 
In  pumps  whose  pipes  have  too  small  a  bore,  it  frequently  happens  that 
the  sucker  Is  forcibly  driven  back  when  quickly  raised,  because  the  water 
had  not  time  to  rush  through  the  pipe  ana  fill  the  vacuity  in  the  cylinder 
at  rapidly  as  it  was  formed.  The  bore  of  wooden  pumps  being  equal 
throughout,  the  water  is  not  pinched  or  wire-drawn  while  passing 
tlirough  them,  as  in  most  of  those  of  metal.  This  is  one  reason  why  they 
generally  work  easier  than  the  latter.  It  is  immaterial  in  what  part  of 
die  pipe  the  valve  O  is :  it  is  usually  placed  at  the  upper  end  for  the  con- 
venience of  getting  to  it  when  requiring  repairs.  When  it  fits  close  to 
its  seat,  the  water  always  remains  suspended  in  the  pipe,  (unless  the  latter 
should  be  defective)  as  mercury  is  sustained  in  a  barometer  tube. 

In  cold  climates  it  is  a  matter  of  some  importance  to  prevent  water  in 
pumps  from  freezing.     Metallic  pumps  are,  from  the  superior  conducting 

S'operty  of  their  material,  more  subject  to  this  evil  than  those  of  wood, 
f  various  devices  a  few  may  be  mendoned.    The  old  mode  of  enclosing 
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^  pump  in  &  CMO  oontmining  turners'  bark,  ohorootl,  the  dang  of  tio^ 
■ea,  &c.  u  conUDuad.  Othen  are  to  prevent  the  valve  O  from  siuine  cluw 
to  it*  Mat,  or  lo  open  it,  by  preating  the  ancker  upon  a  pin  att&clied  lo 
it,  (o  that  the  contenta  of  the  cylinder  and  pipe  may  deacena  into  the  well ; 
beooe  every  time  the  pump  ia  used  a  fresh  portion  ia  required  to  'piime 
it'  A  more  common  method  ia  lo  connect  the  lower  part  of  the  cylinder 
with  the  auction  pi{Ke  by  a  atop  cock  and  abort  tube,  aa  at  C.  By  opening 
the  cock  the  water  in  the  pump  deaeenda  through  it  into  the  pipe.  But 
the  uaual  practice  in  thii  country,  ia  to  make>the  ^linder  of  inch  a  length 
that  two  or  three  feet  of  it  may  be  below  the  aurface  of  the  ground,  and 
out  of  the  reach  of  the  frost;  about  a  foot  above  the  valve  O  or  lower 
box,  a  plain  cock  ii  inaerted  :  in  winter  thia  cock  is  left  partially  open, 
and  the  water  above  escapes  alowly  through  it  into  the  grouna ;  whit« 
that  below,  into  which  the  sucker  is  made  to  extend  at  ita  loweat  poaitiont 
aervea  instead  of  freah  'priming.' 

A  similar  device  ia  attached  to  the  lateral  pipes  that  convey  the  water 
of  the  Schuylkill  into  Uie  houses  of  Philadelphia. 

Some  persons  can  scarcely  conceive  how  tne  atmosphere  can  have  ae- 
cea*  to  a  well,  while  the  latter  ia  covered  with  sloba  of  stone  or  timber, 
and  a  thick  bed  of  clay  or  mould  over  all.  They  forget  that  it  is  the  i«- 
rity  of  air,  the  extreme  minuteness  of  ita  particles,  which  enables  it  to 
circulate  through  the  finest  soils,  as  freelv  as  people  ciass  through  the  va- 
rioua  chambers  and  passages  of  their  dwellings.  Were  the  aides  of  k 
well  coated,  and  its  mouth  covered  with  the  hotx.  hydraulic  cement — no 
sooner  could  the  sucker  or  piston  of  a  pnmp  produce  a  partial  vacuun 
within  it,  than  the  air  would  stream  through  the  cement  as  water  throogh 
a  colander  or  shower  bath.  And  if  the  top  and  sides  wera  reudered  per- 
fectly air-tight,  it  would  then  enter  the  bottom  and  ascend  through  the 
water  without  any  perceptible  obstrucbon.  If  it  were  possible  to  make 
a  well  impervious  to  air,  no  water  could  be  raised  from  it  by  one  of  ihesa 
pumps:  no  movement  of  the  sucker  could  then  bring  it  up.  We  might 
examine  th«  ^pantus  with  solicitude— remove  its  defects  with  care — 
consult  the  learned  with  the  Florentines,  or  get  enraged  like  the  Spanish 
pump  maker  of  Seville ; — still,  the  water,  like  Glendower's  vpirits  of  lh« 
deep,  would  in  spite  of  all  out-  efforts  refuse  to  rise. 

When  the  atmospheric  pump  is  required  to  raise  water  from  a  perpen- 
dicular depth,  not  exceeding  86  or  28  feet,  (i.  e.  in  those  part*  of  the'oailh 
where  the  maroiiry  in  the  barometer  generally  stands  at  3D  inches)  tha 
length  of  the  cylinder  need  not  exceed  that  which  is  required  &r  the 
stroke  of  the  sucker.  In  all  case*,  the  perpendiadar  diatence  between 
the  sucker,  when  at  the  highest  point  of  ita  stroke  and  the  level  of  tfaa 
water,  should  never  exceed  the  same  number  of  feet  as  the  tube  of  a  ba- 
rometer, at  the  place  where  the  pump  ia  to  be  used,  contuns  inehei  of  mer- 
cury. But  in  the  temperate  Eones  where  pumps  are  chiefly  used,  the  pres- 
sure of  the  air  variea  somedmea  to  the  extent  of  two  inches  of  mercury,  of 
between  two  and  three  feet  of  water ;  hence  the  distance  should  be  sotne- 
thinsless.  And  a*  the  level  of  water  in  wells  is  subject  lo  changes,  it  ia  the 
laudable  praetioe  of  pump  makers  to  construct  the  cylinder  and  red  of  the 
aucker,  of  such  a  length,  that  the  latter  may  always  work  within  26  or  S8 
feet  of  the  water. 

By  keeping  the  above  mle  in  view,  water  may  be  raised  by  these 

f tumps  from  wells  of  all  depth*;  for  after  it  has  oncflCentared  the  cy- 
inder,  it  ia  raised  thenoe  by  the  sucker  independently  of  the  atmosphere, 
and  to  aov  height  to  which  the  cylinder  is  extended.  This  seems  to  bave 
been  well  underatood  by  old  engineeta.     The  remark  of  those  who  raada 
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dte  Florentine  pump  ii  a  proof;  and  othen  in!gbt  be  adduced  from  nrach 
older  anthoritiea.  Plate  48,  in  BeMon's  Theatre,  represents  bq  atmos- 
pheric pump  raising  water  from  a  river  to  the  lop  of  a  high  tower.  The 
cvlinder  is  square,  formed  of  plank  and  bound  with  troti  clamp*.  It  is 
■howD  as  nearly  Jour  timet  the  length  of  the  suction  pipe,  which  is  ruund. 
When  pump  rods  are  reijtiired  of  great  length,  the^  should  be  made  of 
pine.  This  wood  does  not  warp,  and  as  it  is  rather  lighter  than  water,  its 
weight  has  not  to  be  overcome  (like  iron  rods)  when  raising  the  sucker. 

A  circumstance  to  which  we  have  slightly  alluded,  was  aoKounced  in 
the  public  papers  of  Europe,  in  the  year  1766,  which  roused  the  attention 
of  philosophers ;  for  it  seemed  to  threaten  a  renewal  of  the  disputes  about 
a  vacuum,  and  the  ascent  of  water  in  pumps  and  siphons,  &c.  A  tinman 
of  Seville,  in  Spain,  undertook  to  raise  water  from  a  well  60  feel  deep, 
the  common  pump.     Instead  of  making  the  sucker  play  within  30  feet 

the  water,  he  made  the  rod  so  short,  that  it  did  not  reach  within  50 
feet  of  it.  As  a  necessary  consequence,  he  could  not  raise  any.  Being 
greatly  disappointed,  he  descended  the  well  to  examine  the  pipe,  while 
a  person  above  was  employed  in  working  the  pump;  and  at  last  in  a  fit 
of  despair,  at  his  want  of  success,  he  dashed  the  hatchet  or  hammer  in 
his  hand,  violently  against  the  pipe.  By  this  act  a  small  opening  was 
made  in  the  pipe  about  ten  feet  above  the  water— when,  what  must  have 
been  his  surprise!  the  water  instantly  ascended  and  was  discharged  at 
the  spout ! 

The  fact  being  published,  it  was  by  some  adduced  as  a  proof  that  the 
pressure  of  the  atmosphere  could  sustain  a  perpendicular  column  of  water 
much  longer  than  32  or  34  feet,  and  consequently  that  the  e x peri rk tits  of 
Torricelli  and  Pascal  were  inconclusive.  M.  Lecat,  a  surgeon  at  Rouen 
in 'Normandy,  repeated  the  experiment  with  a  pump  in  his  garden:  he 
bored  a  small  hole  in  the  suction  pipe  ten  feet  above  the  water,  to  which 
he  adapted  a  cock.  When  it  was  open,  the  water  could  be  discharged 
at  the  height  of  55  feet,  instead  of  30  when  it  was  shut. 

As  might  be  supposed,  these  experiments  when  investigated,  instead 
of  overthrowing  the  received  doctrine  of  atmospheric  pressure,  more 
fully  confirmed  iL  It  was  ascertained  that  the  air  on  enterin?  the  pipe 
became  mixed  with  the  water;  and  which  therefore,  instead  of  beino  car- 
ried up  in  an  unbroken  column,  was  raised  in  disjointed  portions,  or  in  the 
form  of  thick  ram.  This  mixture  being  much  lighter  than  water  alone, 
a  longer  column  of  it  could  be  supported  by  the  atmosphere  :  and  bv  pro- 
portioning the  quantity  of  air  admitted,  a  column  of  the  coropouna  fluid 
may  be  elevated  one  or  two  hundred  feet  by  the  atmospheric  pump;  but 
there  is  no  advantage  in  raising  water  in  this  manner  by  the  jmw^,  and 
we  believe  it  is  seldom  or  never  practiced.  In  a  paper,  on  the  duty  per- 
formed by  the  Cornwall  Steam  Engines  in  raising  water,  in  the  Journal 
of  the  Franklin  Institute  for  May,  1837,  it  is  stated  that  a  little  air  is 
sometimes  admitted  in  the  pump  pipes,  which  it  is   alledged,  "made   the 

Eump  work  more  lively,  in  consequence  of  the  spring  it  gave  to  the  co- 
imn  of  water,  and  caused  less  strsin  to  the  machinery."  In  the  same 
paper  Mr.  Perkins  states  that  forty  years  betbre,  an  attempt  was  made  to 
impose  upon  him  in  this  country,  a  pump  which  raised  water  by  atmo- 
Bpheric  pressure  100  feet :  but  he  detected  "  a  small  pin  hole"  in  the  pipe 
through  which  the  air  was  admitted. 

The  same  dei4ptian  it  seems  gave  rise  to  the  humorous  poetical  satire, 
•  TrrribU  Tractoration.'  The  ingenious  author  states  in  his  preface,  that 
he  was  employed  in  1601,  as  agent  for  a  companv  in  Vermont,  and  of 
which  he  waa  a  member,  to  proceed  to  London,  uia  secuee  a  patent  for 
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'  a  iMV  ioTflnted  bydrauUc  machine.'  "Iwm  aievd  to  korty  mjri^epsr- 
tare  in  eomequenee  of  «  report  in  circul&bon,  thmt  ceruiii  pttrsoaa  hf 
■tcaltb  had  made  tbemaelvM  maaters  of  the  inveoboa,  and  wvra  detsr- 
roined  to  anboipate  ua  in  oar  object  of  »ectiriDg  a  patent  in  LotMlon.  In 
conaequeDce  i^  this  report,  tha  expenmenta  m&de  with  this  maebiiM  were 
parformed  :n  a  ha*iy  manuer.  By  it,  water  waifaised  throngh. Itaky  tin 
pipea  in  a  baaty  experimeot,  42  fent  from  the  surface  of  the  fooatain  to  thfi 
bottom  of  the  cylinders,  in  which  the  piaton*  were  worked.  I  embarked 
from  New- York  the  dth  of  May,  aod  arrived  in  London  after  a-  tedioul 
passage  the  4th  of  July.  I  waited  or  Mr.  King,  then  ambaaaador  from 
the  United  Staiea,  to  whom  I  had  letters,  and  was  by  him  favored  with  a 
letter  to  Hr.  Nicholson,  a^  eminent  philoaopher  and  chemiaL  With  thii 
gentleman  I  had  several  interviews  on  the  subject  of  my  hydraolio  ma- 
chine, and  from  him  received  an  opinion  in  writing  unfavorable  to  ita 
merits.  I  likewise  made  a  number  of  experiments  in  London,  with  a 
different  result  from  what  I  had  seen  in  Vermont.  In  this  desperate  «>• 
tuation  of  the  adventure,  I  received  a  letter  from  one  of  the  Vermont 
Company,  informing  me  there  waa  a  deception  in  the  patent — that  from 
experimeniB  made  aubaeqaent  to  my  departnre,  it  appeared  that  no  water 
could  be  raised  by  Laxgdoit't  invntUM  higher  than  by  the  common  pump, 
unless  by  a  perforation  in  the  pipe,  which  made  what  the  inventor  called 
an  air  hole,  and  which  by  him  had  bten  kept  a  lerrret.  Mr.  Nicbolaon  in- 
formed me  thax  a  similar  decepuon  bad  been  practised  on  the  Academi- 
cralM  of  Paris,  bat  that  the  trick  was  discovered  by  the  hissing  noiae  made 
by  the  air  ruahing  into  the  aperture."  From  the  diaappointment  Mr.  Fea- 
Mnd«n  turned  to  his  pen,  and  wrote  '  Tht  modern  PhUoiophtror  Terrible 
Traetoratum.'     See  preface  to  2nd  American  ed.  Phil.  1806. 

It  is  possible  however  to  raise  water  by  a  ^ort  cylinder,  fifty  or  even 
a  hundred  feet  high,  but  for  all  practical  purposes  the  device  is  useless. 
The  first  thing  of^the  lund  that  we  know  of,  was  accomplished  nearly 
forty  years  ago  by  a  boy.  He  Rxed  a  small  pump  (the  cylinder  was  IS 
inches  in  length)  m  the  garret  of  a  bigh  dwelling,  and  a  tub  of  water 
in  the  cellar,  the  perpendicular  distance  being  nearly  50  feet.  About 
■  half  way  up  the  stairs,  he  placed  a  close  vessel,  (a  three  gallon  tin  boiler)' 
from  the  bottom  of  which  a  small  leaden  tube  was  continued  to  the  pump 
eybnder;  and  another  tuba  being  soldered  to  the  top,  descended  into  the 
tub  of  water.  A  third  tube  was  sbldered  to  the  lop  of  the  vessel,  and- 
terminated  near  the  pump,  havin?  a  cock  soldered  to  the  end.  This  cock 
being  shut  and  the  pump  worked,  the  air  in  the  pipes  and  the  vRssel  was 
withdrawn,  and  the  latter  consequently  filled  with  water  by  the  atmo- 
sphere ;  he  then  opened  the  cock  which  admitted  the  atmosphere  to  act  on 
the  surface  of  the  water  in  the  vessel,  and  by  again  working  the  pump  the- 
contents  of  the  vessel  were  raised  and  discWged  in  the  garret.  By  a  se- 
ries of  close  vessels  placed  at  distances  not  exceeding  30  feet  above  each  ' 
other,  water  may  be  raised  in  this  manner  to  any  elevation. 

It  is  impoasible  to  notice  bere'a  moiety  of  the  projects  for  improving 
the  atmospheric  pump  and  the  various  parts  of  which  it  is  composed  f 
their  name  is  legum,  and  this  volume  is  iar  too  limited  to  comprise  an  ae- 
eount  of  them  alt.  Those  that  we  are  about  to  describe  are  of  rnodera 
ilate,  but  it  does  ttot  therefore  follow  that  they  were  onknown  to  the  ai^ 
<uents.  Men  in  every  age,  when  striving  to  accomplish  a  specific  object,, 
naturally  fall' into  similar  trains  of  thought,  and  hit  upon  the  same  or  nearly 
the  same  devices.  CouU  the  aneient  history  of  this  machine  be  procnred, 
it  would  we  have  no  doubt  prove,  ihat  (like  the  instrument!  invnoled  by  a 
celebsaled  Ftieaoh  surgecHi,  fac-aimiles  of  which  of  exquisite  finish,  wen 
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ntMMjiientljr  found  in  Pompeii]  not  a  few  of  iu  diveraified  modificktions 
were  anticipated  b;  Greek  and  Konian  machinists.  Why  then  were  they 
BOt  preserved  or  continued  in  nsel  For  the  same  reason  that  the  old 
DDinp  is  still  ^aprally  preferred  :  and  were  it  not  for  the  art  of  printing 
K  is  probable  that  not  one  of  the  modem  improvements  of  this  inachiiia 
would  be  known  2000  years  hence,  any  more  than  those  devised  by  the 
MwieoU  are  now  known  to  us.  Those  persons  who  are  familiar  wiih  it, 
wet)  know  that  a  larg«  majority  of  its  supposed  improvers,  have  returned 
from  long  and  laborious  mental  pilgrimages  in  its  t>ehalf,  laden,  like  o\i 
devotees,  with  little  eke  than  stores  of  worthless  relics. 

Of  innumerable  variations  in  its  consiruo- 
tion,  the  greater  part  consists  of  different 
mtides  of  communicating  motion  to  the  rod. 


^,^    [I  by  wheels,  cranks,  racks  and 

^"^'^  plain  and  jointed  levers,  pendulums,  balance 

poles,  vibrating  platfurma.  Sec.  Of  these  it 
would  be  useless  to  speak.  Others  consist  in 
two  or  more  suckers  in  the  same  cylinder;  in 
altering  the  form  of  the  latter  ;  and  some  in 
^  imparling  motion  to  the  cylinder,  and  dispen- 
sing with  the  sucker.  We  shall  notice  some 
of  these  here,  and  others  in  the  next  Book. 

The  introduction  of  two  suckers  or  jHstons 
into  one  cylinder  has  long  been  a  favorite 
projeoL  Dr.  Conyers  in  1673  proposed  a 
pamp  of  this  kind.  He  made  it  <»  plank, 
•qatu«  and  tapered,  (in  the  form  of  an  inver- 
ted and  truncated  pyramid,)  8^  feet  long,  20 
inches  square  at  the  upper  end,  and  8  at  the 
bottom  where  the  valve  or  lower  box  was 
plaoed.  He  fixed  two  suckers  on  the  tamt 
rod,  one  at  its  lower  end  and  the  other  to  as 
to  play  half  way  down  the  trunk.  This  pump 
*  he  said,  raised  "at  least  twice  as  much  water  • 

as  the  ordinary  one  of  the  same  siie."  If 
■nch  was  the  &ct,  it  was  by  the  expenditure 
of  twice  hs  much  force.  Had  the  bore  of 
die  trunk,  where  the  upper  sucker  played, 
been  uniform  throughout,  and  the  lower 
sucker  laid  aside,  and  with  it  the  force  ex- 

Ipended  in  moving  it,  the  result  would  clearly 
I  have  equalled  that  of  both.      Phil.  Trans. 

I  Abridg.  Vol.  !,  545. 

Ik.n.  DaM(  PiM«  F*«F.  About  the  year  1780,  Mr.  Taylor  of  South- 

ampton, Eng.  introduced  two  suckers  or  pis- 
-Uma  into  one  cylinder,  each  united  to  a  Separate  rod,  that  one  might  as- 
cend as  the  other  descended,  and  thus  dischat^  double  the  quantity  of 
water :  No.  91  is  a  figure  of  it.  The  rod  of  the  lower  sucker  slides 
through  the  centre  of  die  upper  one ;  and  also  through  its  valve,  which 
is  a  spherical  or  hemispherical  piece  of  brass,  placed  loosely  over  its  teat 
and  to  which  the  rod  acts  as  a  guide.  The  upper  parts  of  the  rods  ter- 
minata  in  neks,  between  which  a  cog  wheel  is  placed,  having  an  alternate 
inurement  imparted  to  it,  by  a  lever  attached  to  its  axis,  a*  in  the  common 
■ir  pump. 

Another  mode  of  working  this  pump,  is  by  means  of  a  drum  fixed  10 


,.5lc 


OlMp.  7.]  Tr«rUv  8A^  Pmh^m  by  Ropt*.  tK7 

one  end  of  the  sliafl  of  the  cc^  wheel;  over  tbia  a  rope  i«  poMed  ancl 
«r<Msed  below,  to  which  any  number  of  mcD,  on  each  side,  may  apply 
their  vtreng-th.  Both  parliea  pull  the  rope  towardi  them  by  turns,  ana 
thereby  impart  the  requiiile  movement  to  the  cog  wheel,  and  conaequentlv 
to  the  pump  rods  and  luckers,  at  showo  in  No.  9S.  Mr.  Adams,  in  hw 
Lectures  on  Natural  Philosophy,  published  in  1794,  observed  that  theaa 
kind  of  pumps  had  been  "in  general  nae  in  the  royal  navy  for  five  or  six 
years."     Vol.  tii,  39S. 


N*.«.    WacUif  BUpPopabymopH. 

In  1813,  the  London  Society  of  Arts  awarded  a  medal  and  twenty 
^ineas  to  Mr.  P.  Hedderwick,  for  various  modes  of  imparting  motion  to 
two  pistons  in  the  tame  cylinder,  by  a  series  of  levert,  instead  of  cog  wheela 
uid  racks.     Trans,  vol.  xxxii,  98. 

Attnospheric  pumps  with  two  pistons  are  used  in  the  French  marine, 
&nd  are  arranged  so  at  to  be  worked  by  the  men  as  in  the  act  of  rowins. 
Neither  racks  nor  pinions  are  used  in  communicating  motion  to  the 
rods.  The  upper  ends  of  these  are  continued  outside  the  cylinders  and 
bent  a  little  outwards,  and  then  connected  by  a  bolt  to  eetch  end  of  a  short 
vibrating  beam  which  is  moved  by  the  mei^  The  rods  do  not  descend 
in  the  centre  of  the  cylinder,  as  in  the  preceding  figure,  but  are  attached 
to  one  side  of  the  suckers.  The  lower  rod  passes  through  an  opening  in 
the  opper  sucker,  which  it  closed  by  a  collar  of  leader.  Hachette's 
Traits  Elementaire  det  Machines.  Paris,  1819,  p.  153. 

Pumps  with  double  pistons  are  not  of  modern  dote:  there  is  one  figured 
in  Besson's  Theatre  des  Enstrumens. 

The  altedged  superiority  of  these  pumps  is  more  specious  than  real. 
It  is  true  the  inertia  of  the  water  in  ascending  the  pipes  has  not  to  be 
overcome  at  every  stroke,  as  in  the  common  pump,  since  its  motion  through 
them  is  continuous;  nor  is  its  direction  changed,  as  when  two  separate 
cylinders  are  used,  being  then  diverted  into  them  from  the  pipes  at  angles 
more  or  less  acute.  These  are  real  advantages;  but  if  we  mistake  not, 
they  are  the  only  ones,  unless  taking  up  less  room  on  ship  board  be  an- 
other. Bat  frcHn  the  cylinders  being  twice  the  ordinary  length,  these 
machines  are  really  double  pumpa ;  baring  not  only  two  suckers  and  two 
rods,  but  tito  two  cylinders,  ana  requiring  twice  the  power  to  work  them. 
The  principal  difference  between  them  and  the  usual  double  pump,  is  that 
the  cylinders  are  united  together  on  the  same  axis,  while  in  the  latter, 
they  are  placed  parallel  to  each  other.  In  point  of  economy,  we  think 
pumps  with  two  distinct  cylinders  are  preferable;  they  are  less  complex, 
■nd  of  course  less  liable  to  derangement :  a  longer  stroke  can  be  ob- 
tained in  them,  and,  what  is  of  more  importance,  when  one  is  disordered, 
the  other  can  be  continued  in  ose.  On  these  considerations  we  believe 
double  piston  pumps  were  abandoned  in  the  British  navy. 

A  singular  modification  of  the  common  pump  was  devised  in  England 


a  1819,  for  which  the  Socie^  of  Arts  awarded  a  premium  of  twenty 
guineas.    The  chamber  waa  curved,  and  the  centre  of  the  circle,  of  whiea 
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it  formed  a  part,  served  as  a  fulcriiin  on  which  tb«  rod  uld  hanilk  (both  of 
one  piece)  moved.     The  rod  was  curved  ao  a<  to  more  in  the  centra  of 

the  chamber. 


J 


The  objects  Biip[>ofled  to  have  been  attained  by  this  arrangement,  weiv 
"  greater  siirplicity  of  workmanship,"  and  "  greater  ateadineas  and  preci- 
sion of  action"  (of  the  sucker.)    The  device  is  ingenious,  but  can  never  be 
generally  adopted.     The  spring  of  the  rod  with  the  wear  of  the  bolt  on 
which  it  turns,  must  soon  render  the  play  of  the  sucker  and   wear  of  the 
cliamber  unequal :   the  difficulty  and  expense  of  making  the  latter  curvi- 
linear,  and   of  repairing   it   when  bruised  or  otherwise  itfjured,  arc  fatal 
objections.     The  pipe  must  be  separated  from  the  chamber  to  g«t  at  the 
lower  box  or  valve;  and  the  application 
of  the  pump  is  limited  to  depths   within 
30  feet      We  have   noticed  it,  lest  the 
same  idea  occurring  to  some  of  our  me- 
chanics, should  lead  them  to  a  useleu 
expenditure  of  time  and  money.    In  the 
same  year  a  patent  was  issued  in  Eng- 
land for  making  the  cylinder  in  the  form 
of  a   ring,   or  nearly   so,  the  centre  of 
which  was  the  falcrum  on  which  the  pis- 
ton  turned,   and   an   alternating   motion 
was  imparted  to  the  latter.     Kepeftory 
of  Arts,  vol.  xxKv.  1819. 

An  interesting  modification  of  the  at- 
mospheric pump  WBB  described  by  Mus- 
chenbroeck  in  his  Natural   Philosophy. 
Instead  of  a   piston  or  sucker   working 
inside  of  tbe  cylinder,  the  lattrr  itself  la 
moved,  being  made  to  slide  over  tbe  pipe 
somewhat   in   the   manner  of  telescope 
tubes.     No.    94   represents   this   pomp. 
The  upper  end  of  the  saction  pipe,  being 
made  of  copper  or  brass,  and  its  exte- 
rior   smooth    and     straight,    is     passed 
through  the  bottom  of  a  small  cistern.     Its  orifice   is   olosed   by  a  valve 
Opening  upwards.     A  short  cylinder  whose  diameter  exceeds  uiat  of  the 
suction  pipe  is  slipped  over  the  latter;  and  to  its  lower  end  a stullinff  box 
is  adapted  to  prevent  ur  or  water  from  passbg  between  them.    Its  upper 
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9od  w  corared  by  a  valve  dw  opening  upward.  The  pump  rod  ia  at- 
tached  to  the  lanie  end  hy  s  fork,  aa  repreaented  in  the  figure.  By  mo- 
ving ibe  cylinder  up  and  down,  the  air  within  it  and  the  pipe  i>  StN>n  ex- 
pelled, and  ila  piaee  occupied  by  a  portion  of  t}ie  water  in  which  the 
lower  end  of  ttie  mctinn  |>ipe  ia  immeraed.  When  the  cylinder  ia  then 
raised  the  atmosphere  forcea  up  water  into  it,  and  when  it  ia  depreaacd, 
the  water  beintf  prevented  hy  the  valve  on  the  end  of  the  pipe  from  de- 
scending into  the  well,  etcapes  out  of  that  on  the  top  of  the  cylinder,  pre- 
cisely aa  in  the  bellows  pump.  (p.  306.)  By  keeping  water  in  the  cistern, 
air  ia  effectually  prevented  from  entering  between  the  pipes  at  the  stuffing 
box,  even  if  it  Ite  not  perfectly  light.  A  cup  or  dish  formed  on  the  upper 
end  of  the  cylinder  to  contain  a  little  water  over  the  valve,  would  be  an 
advantage  in  this  deicri{ition  of  pumpa,  for  ejiy  defects  in  it  by  which 
sir  ia  admitted  would  be  fatal,  as  a  vacuum  could  not  then  be 
formed  wiihio  the  cylinder,  and  of  course  no  water  raised  by  it.  Oar 
common  pumpa  would  be  almost  useless  if  water  waa  not  kept  over  the 
valvea;  it  is  that  which  renders  them  air  tight,  and  consequently  efficient. 
In  the  early  part  of  the  18th  century,  a  new  method  of  exciting  the  prea- 
•ure  of  the  atmoanhei^  for  the  purpose  of  raising  water  waa  adopted.  Tta 
discoverer  burst  the  feltera  witn  which  long  eatablisbed  modea  of  accom- 
plishing this  object  had  embarrassed  common  minds.  He  left  the  old  track 
entirely,  and  the  result  of  his  resean;hes  was  a  philoeopbical  machine  that 
bears  no  reseniblance  to  thoio  by  which  ii  was  preceded. 

Most  people  are  practically  acquainted  with  uie  principle  of  the  Ce»tri' 
Jiigal  ptmp,  viz.  tliat  by  which  a  body  revolving  round  a  centre  tend* 
to  recede  from  it,  and  with  a  force  proportioned  to  ita  velocity :  thue  mud 
is  thrown  frum  the  rims  of  carriage  wheels,  when  they  move  rapidly  over 
wet  roads ;  a  stone  in  a  sling  darts  off  the  moment  it  is  released  ;  a  bucket 
of  waiur  may  be  whirled  lite  a  stone  in  a  sling  and  the  contents  retained 
even  when  the  bottom  is  upwards.  A  sailor  on  ship  board,  or  a  house- 
maid, dries  a  wet  mop  by  whirling  it  till  the  force  communicated  to  the 
watery  particles  overcomes  their  adheaion  to  the  woolen  fibrea.  Boys 
•omeiimes  stick  pellets  of  lough  clay  to  the  end  of  a  switch  or  flexible  rod, 
tad  then  drawing  it  quickly  tuoogh  the  air,  the  force  imparted  to  the  bslla 
seiula  them  to  their  destination.  If  a 
tube  be  substituted  for  the  rod,  and 
the  end  that  is  held  in  the  hand  clo- 
sed, by  a  similar  movement,  balls 
dropped  or  water  poured  into  it, 
would  be  thrown  forward  in  like 
tminner;  and  if  by  some  arrange- 
ment the  movement  of  the  tube  waa 
made  continuous,  projected  streams 
of  either  balla  or  water  might  be 
rendered  constant;  the  centrifucral 

Sin  is  a  contrivance  to  accomplish 
e  one — the  centrifugal  pump  the 

This  pump  generally  consists  of 

tubes,  united  in  the  form  of  a  cross 

ih.  SI.  Cnirihfki  nap.  or  letter  T,  placed  perpendicularly 

in  the  water  to  be  raised.  (No.  95!) 

Tbo  lower  end  ia  supported  on  a  pivot ;   perforations  are  mode  to  admit 

the  water,  and  just  above  them  a  valve  to  retain  it  when  the  pump  is  not 

ID  motion.     Tlie  ends  of  the  tnuuveiae  part  are  beat  downwards  to  dis- 
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charge  the  water  into  a  circular  trongh,  orer  which  they  turn.  To  char^ 
it,  the  orificea  may  be  closed  by  loosely  inserting  a  cork  into  each,  and 
tken  filling  the  pump  throngh  an  opening  at  the  top  which  ia  then  closed 
by  a  screw  cap.  A  rapid  rotary  motion  is  imparMd  to  the  machine  by  a 
pulley  Hied  on  the  axis  and  driven  by  a  band,  from  a  drum,  ftc.  The 
centrifugal  force  tbus  communicated  to  the  water  in  the 
arms  or  transverse  tube,  throws  it  oqt;  and  the  atmo- 
sphere pushes  up  the  perpendicular  one  fresh  pnrtiona 
to  supply  the  place  of  those  ejected.  These  pumps  are 
sometimes  made  with  a  single  arm  like  the  letter  L  in- 
verted; at  others  quite  a  numl«r  radiate  from  the  up- 
right one.  It  has  also  been  made  of  a  series  of  tubet 
arranged  round  a  vertical  shaft  in  the  form  of  an  inver- 
ted cone.  A  valuable  improvement  was  submitted  by 
M.  Jorge  to  the  French  Academy  in  1816.  It  consista 
in  imparting  motion  to  the  arms  only,  thus  saving  tha 
power  coDsumed  in  moving  the  upright  tube,  and  by 
which  the  latter  can  be  inclined  as  circumstances  nr  lo- 
cadoDH  may  requiro. 

A  combination  of  the  centrifugal  pump  with  Parent's 
or  Barker's  mill,  was  proposed  by  Dr.  West,  which  ia 
some  locations  may  be  adopted  with  advantage.  It  is  sim- 
ply a  vertical  shaU  round  which  two  tubes  are  wound: 
(No.  96)  the  upper  one  is  the  pumn ;  tbe  lower  one  the 
mill.   The  area  of  the  lower  or»e  snould  be  to  that  of  the 
upper  in  the  inverse  ratio  of  the  perpendicular  height, 
KolN.  WfM^Fanp.     and  as  much  more  as  is  neceasary  to  overcome  the  fric- 
tion.    The  cup  or  basin  into  which  the  stream  (part  of 
which  is  to  be  raised)  is  direct^],  may  be  attached  to  the  shafl  and  turn 
with  it,  or  the  latter  may  pass  through  it.     Tilloch's  Phil.  Mag.  vol.  xi. 

The  first  centrifugal  pump  appears  to  have 
been  invented  by  M.  Le  Demour,  who 
sent  a  description  of  it  to  the  French 
Academy  in  173S.  (Machines  appronvtf, 
Tom.  vi,  p.  9.)  It  was  merely  a  straight 
tube  attached  in  an  inclined  position  to  a 
vertical  axis,  and  whirled  round  by  the 
handl»— the  tube  was  fastened  by  liga- 
tures to  three  strips  of  wood  projecting 
from  the  axis,  as  shown  at  No.  97. 

With  this  pump  we  close  our   remark! 
on   devices  for  raising  water  by  atmo- 
spheric pressure;  more  might  have  beeo 
added,  but  as  nearly  all  the  machines  yet 
to  be  described  iUuKtraie  the  same  prin- ' 
ciple,   the  reader  is  referred   to  tbe  fol- 
lowing Books,  and  particularlv  in  ihe  at- 
No.  n.  !.>  DaBoar'i  FaMp.     mospheric  and  forcing  pumps  described  in 
the  next  one. 
[The  vessels  under  the  pump  spouts  in  Nos.  90,  93  and  94,  arc  Roman 
bronie  buckets  from  Pompeii.] 

Unt  or  THI  BECONP  BOOK. 
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CHAPTEE    I. 

•■nnnoii  *t  ■kMhi  dnnibd  )■  Ihb  Book— TorIii 
— aiaMrr  af  ths  blUan  llul  of  tk<  piinp— FotcIm  paniiH  m  vuer  M1a»~TbB  B*nen  af  uMU 
Iniu  Hiiria—TiW  Cain— Auchinl.— Viiku  b  ki>  rb^c-CrTPtlUi  HkadHi  »<  PHaln  Unrt^ 


r*  BfyrUu  kbfkuiltta'  bdlen— Valculi  ballsn 
— Vuiaiu  kind!  irf  Kuu  ballaw*— Balbwi  at  Qneiia  blKktailbi  iitttni  Is  )■  ■  fwllnita  af  llw 
Dalpkk  onels— AppUullH  af  luun  bclkiwi  h  tardiit  pimpt— fluckuf  u<  (krelif  kaltawi  paBfB 
—Kodu'i  duaeMlc  baPnwi  of  uclanl  artfln— Uiad  (a  niM  mup-daaaa  Uukaaltk^  kaBvn  M»- 
pla|f*d  ••  IbniBf  pnp*— VutUatlaa  sf  ■!■•■. 

Machinbs  of  the  third  cIam  deacribed  in  this  Book,  are  auch  u  kct  bj 
eonnpreMure:  the  water  is  fine  admitted  into  close  veMela  and  then  for- 
cibly expelled  through  apertureB  made  for  that  purpose.  Thia  is  effected 
in  some  by  compressiae  the  vessels  themselves,  as  in  bellows  pumps — in 
others  by  a  solid  body  impinging;  on  the  surface  of  the  liquid,  as  in  fire  en- 
gines— sometime^  a  column  of  water  is  used  for  the  same  purpose,  at 
others  the  expansive  force  of  compressed  air.  Of  the  last  two.  Heron's 
fauntain,  ajr  engines,  aud  soda  fountains,  ara  e:iamples.  Strictly  con- 
sidered, these  machines  hare  nothing  to  do  with  the  pressure  of  the  aC>  . 
DMisphere,  (the  active  principle  of  those  of  the  second  class,)  but  in  prao- 
tice  It  is  very  generally  employed.  When  the  working  cylioder  of  a  for* 
cing  pump  is  immersed  in  the  water  it  is  intended  to  raise,  or  when  tbn 
latter  Hows  into  it  by  gravity,  it  is  a  forcing  pump  simply ;  but  when  the 
cylinder  is  elevated  a&aiK  the  water  that  supplies  it,  and  consequently  U 
then  charged  by  atmosphsric  pressure,  the  machine  is  a  compound  (MM, 
embracing  the  peculiar  properties  of  both  sucking  and  forcing  pumps. 
The  laUer  therefore  differ  from  the  former  in  raising  water  above  their 
cylinders;  and  to  elevations  that  are  only  limited  by  the  strength  of  their 
ntaterialA  and  the  power  employed  to  work  them.  1'hey  have  been  con- 
sidered by  some  writers  as  tlie  oldest  of  b.11  pumps.  We  shall  consider 
their  varieties  in  the  order  in  which  we  suppose  they  were  dereloped. 

An  intimate  oounection  has  ever  subsisted  between  the  forcing  pump 
and  the  ballows ;  they  ore  not  only  identical  in  principle,  but  every  form 
adopted  in  one  has  been  applied  to  the  other.  The  bellows,  from  tb* 
simple  sack  or  skin  employed  by  the  negroes  of  Africa  to  the  complex 
sod  efficient  iutrameDt  of  China,  and  the  enonnous  blowing  oMdunes  of 
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our  foandries,  hu  been  died  to  niw  water;  tod  every  modifiution  of  iIm 
pamp,  not  even  exceptinE  the  »erew,  haa  been  appliea  as  a  bellowB.'  A 
■Jngular  proof  of  the  anuogy  between  them  and  of  their  connection  in 
ancient  timei,  i«,  that  in  one  of  the  earliest  acconota  we  have  of  the  eylin- 
drieal  pamp,  (vis.  by  Vitravius)  it  waa  used  aa  a  bellows  "to  supply 
vitid  lo  hydraulic  organs."  And  that  rotary  pumps  are  as  numerous  as 
rotary  bellows,  is  known  to  every  mechanic.  Thus,  while  pumps  have 
been  used  as  bellows,  bellows  hare  been  employed  as  pnmpsj  and  every 
device  to  obtain  a  cmituiuouB  current  of  air  in  the  one,  haa  been  adopted 
to  induce  an  unbroken  stream  of  water  iii  the  other. 

The  hislnry  of  the  bellows  is  also  that  of  tbe  pump;  and  if  we  mistake 
not  it  aAbnla  the  only  legitimate  aource  now  open  in  which  the  origin  of 
the  latter  can  be  sought  for  with  any  prospect  of  success.  Under  this 
impression  we  shall  examine  the  bellows  of  various  people,  and  in  doing 
■o  the  reader  will  find  an  auxiliary,  but  very  important  branch  of  the  sub- 
ject, illustrated  at  the  same  time,  viz.  that  which  relates  to  talteb,  for  the 
bellows  waa  probably  the  first  instrument  of  which  they  formed  a  part. 
No  other  machine  equally  ancient  can  be  pointed  out  in  which  they  were 
required.  In  line,  toe  Ibrcing  pump  is  obviously  derived  from  die  bel- 
lows, or  rather  it  is  an  application  of  that  instrument  to  blow  water  in- 
■teadof  air— 4n  application  probably  coeval  witb  its  invention. 

The  origin  of  the  arts  is  generally  considered  as  a  subject  of  mere  con- 
jecture. Antiquarians  and  historians  despair  of  discovering  any  thing  of 
importance  relating  to  the  early  history  of  any  of  the  aimple  machines.  In 
the  present  case,  however,  there  can  be  nodoubt  that  the  ,^r*(  bellows  waa 
tbe  mmtdt;  and  it  was  the  first  pump  too,  both  atmospheric  and  forcing. 
Tbe  representation  of  it  when  employed  aa  a  bellows  waa  a  favorite  sub- 
ject  with  ancient  statuaries  and  painters-  Pliny  gives  aeveral  examples, 
and  among  others,  Stipax  the  Cyprian,  who  cast  an  eleeant  figure  of  • 
boy  "roasting  and  frying  meat  at  the  fire,  puffing  and  blowing  thereat 
with  his  mouth  full  of  -wind,  lo  make  it  burn."  Ansloclides,  was  also  cele- 
brated for  a  punting  of  a  boy,  "  blowing  hard  at  the  coals  ;  the  whole  in- 
terior of  the  room  appeared  to  be  illuminated  with  the  fire  thus  urged  by 
the  boy's  breath,  and  also  what  a  mouth  tbe  boy  makea."  Hc^lood's 
Translatioo. 

That  the  bellows  is  of  antediluvian  origin,  there  can  be  little  doubt, 
for  neither  Tubal  Gain  nor  any  of  his  punils  corild  have  reduced  and 
wrought  iron  without  it.  The  tongs,  anvil  and  hammer  of  Vulcan,  (or  Tubal 
Cain)  have  come  down  to  our  times,  and  although  the  particular  form  of 
hia  bellows  be  not  ascertained,  that  instrument  is,  wo  believe,  as  certunly 
continued  in  nee  at  the  present  day,  as  the  tools  just  named.  Nor  is  there 
any  thing  incredible  in  such  belief,  for  if  even  the  common  opinion,  that 
die  whole  globe  was  enveloped  in  the  deluge,  be  true,  Noah  and  hia  sons, 
aware  that  the  destinies  of  uieir  posterity,  so  far  as  regarded  the  arts  of 
uvilization,  must  in  a  great  meadure  depend  upon  them,  would  naturally 
secure  the  means  of  transmitting  to  them  the  knowledge  of  those  ma- 
chines that  related  to  metallurgy,  as  among  the  most  essential  of  all.  Of 
diese,  the  bellows  waa  quite  as  important  as  any  other  ;  without  it,  other 
bHila  would  have  been  of  little  avail.  Now  if  we  refer  to  oriental  ma- 
clunery,  (among  which  the  bellows  of  tbe  son  of  Laraeoh  is  to  be  found 
4f  at  al!,)  we  shall  find,  in  accordance  with  its  characteristic  unchangeable- 
ness,  that  the  instrument  now  used  over  all  Hindostan  and  Asia  in  gene- 
ral, and  by  the  modem  blacksmiths  of  Cairo  and  Rosetta,  is  identical  with 
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tlitt  with  which  <  tbe  .«nkhi  of  Memphia,  ud  ThabM,  uid.  HoliopoU^ 
arged  iheir  Grea,  between  three  and  four  thouaand  ycftn  ag*,  and  u  aimilu 
to  thoae  found  figured  in  the  forges  of  Vulcan  on  ancient  medals  and 
•cnlpturei.  Numerous  were  the  tbrms  in  which  the  bellows  was  anciently 
made,  but  the  general  features  of  the  one  to  which  we  allude,  (the  Untem 
bellows)  hare  remained  as  unchiuig^&ble  as  those  of  blacksmiths  them- 

Strabo  attributed  the  bellowa  to  Anachareis  who  lived  about  600  yean 
B.  C.  but  it  is  probable  that  some  pardcular  form  of  k  only  was  intended, 
Ibr  it  is  not  civdible  that  tbe  Greeks  in  Solon's  time  could  have  boen  igno- 
rant of  an  instrument  that  i»  coeval  with  the  knowledge  of  meials ;  and 
without  which  the  ir<M  mtnuy  of  Lycui^s,  two  centuries  before,  could 
Dover  have  been  made.  Pliny  (B.  vii,  56)  attribates  it  with  greater  pro- 
priety to  the  Cyclops,  who  are  supposed  to  have  flourished  before  the, 
deluge.  The  prophet  Jeremiah,  who  lived  lon^  before  Anacharats,  spoaks 
of  it  in  connection  with  metallut^eal  openlions.  "The  belltnvB  ara 
bunted,  th«  lead  is  consumed  of  the  fire,  the  founder  melteth  in  vain." 
Iraiah,  «ho  lived  sull  earlier,  vi«.  in  die  8th  contuty  B.  C.  alludea  to  the 
bUcksmith's  bellows — "the  smith  that  bloweth  the  coals  in  the  fire."  And 
Job,  nine  or  ten  centuries  before  the  Scythian  philosopher  floorisbed, 
speaks  of  "a  fire  not  blown."  The  prophet  Ezekiel  also  speaks  of  tbe 
blast  fu mace  as  common — "ihey  gather  silver,  and  brass,  and  iron,  and 
lead,  and  tin,  into  the  midst  of  the  funwoe,  to  blow  tktjire  upon  it  to  melt 
it."'XKii,aO.  Homer,  as  might  be  supposed,  could  not  fully  describe 
the  labors  of  Vulcan,  without  referring  to  this  instrument  His  account 
of  the  great  mechanic  at  work,  is  equally  descripuve  of  a  smith  and  hia 
forge  of  the  preae&l  day. 

While  b.-Lthed  \t> 

And  poffinjj  loud,  tba  rosrini  bellowi 


The  first  approach  made  to  artificial  bellows  was  the  application  of  a 
reed  or  other  natural  tube,  through  which  to  direct  a  stream  uf  air  from  the 
mouth — a  device  that  has  never  passed  into  desuetude.  Such  was  the  ori- 

S'li  of  the  modem  blow-pipe,  an  instrument  originally  designed  to  increase 
e  intensity  of  ordinvy  fire*,  but  which  subsequently  became  (as  the  arts 
were  developed)  indispeniible  to  primitive  workers  in  metal.  How  long 
blowing  tubes  preceded  the  invention  of  other  devices  for  the  same  pur- 
pose is  uncertain;  but  from  tba  fact  that  oriental  jewelers  and  goldsmiths 
still  fuse  metal  in  pots  by  them,  it  may  be  inferred  they  were  the  only  io- 
fltrament*  in  use  for  ages,  before  the  bellows  proper  was  known :  a  cireum- 
Mance  to  which  their  univprsal  omploymant  over  all  Asia  at  the  present 
lime  may  be  attributed,  and  the  skilful  management  of  them  by  mechanics 
there.  'As  the  only  contrivance  for  urging  fires  in  primitive  times,  men 
would' naturally  become  expert  in  using  them,  and,  bc  in  all  the  arts  of 
tbe  East,  their  dexterity  in  this  respect  would  be  inherited  by  their  chil- 
dren, and  be  retained  in  contiection  with  their  use,  with  that  tenacity  that 
has  scarcely  ever  been  known  to  give  up  an  ancient  tool  or  the  ancient 
mode  of  using  it:  hence  the  paucity  of  their  implements;  a  file,  a  ham- 
■ner,  a  pair  of  tongs,  and  a  blowing  iul*e,  being  in  general  all  that  dw 
budget  of  an  African  or  Asiatic  Jeweler  coni^ns. 

As  we  have  given  figures  of  sucking  tubes  to  illustrate  tbe  origin  of 
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Ae  atmoaphsrio  pamp,  we  here  insert  Mine  of  blowing  tubes,  u  ihowiag 
the  inci|»ent  state  of  the  fordng  pump. 


No.  98,  represents  &n  Egy[>tisn  blowing  a  fire  with  a  reed.  It  is  fnun 
the  paintings  at  Beni  Hassan,  and  extends  back  ibroueh  a  periiKJ  nf  3,500 
years.  According  to  Mr.  Wilkinson,  the  figure  is  that  of  a  gTilJsmith, 
"blowing  the  Hre  for  melting  the  gold,"  but  from  the  comparalive  large 
sise  of  the  vessel,  it  would  seein  rather  to  be  a  cauldron  in  which  the  ar- 
ticles were  pickled.  No.  99,  is  the  figure  of  a  eoldsmith  either  soldering 
or  fusing  metal  with  tha  blow-pipe,  from  the  sculptures  at  Thebes.  The 
portable  furnace  has  raised  cheeks  to  confine  and  reflect  the  beat.  The 
pipe  is  of  roeul  wjdi  the  end  enlarged  and  poinied.* 

Sonnerac,  has  given  (in  the  volume 
of  illustratinTM  to  his  voysge^.)  a  plata 
representing  modern  gcildsmiihs  of 
Hindostan,  from  which  the  annexed 
figure  (No.  ion)  is  copied.  It  will 
serve  to  show,  when  compared  with 
the  preceding  cuts,  what  little  chan- 
ges have  taken  place  in  aomi:  mechani- 
cal manipulations  in  the  East,  from 
very  remote  times.  A  similar  figure  ia 
in  Sboberl's  Hindostan.  The  aamo 
mode  of  fusing  their  metals  waa  prac- 
ticed by  the  ancient  gold  and  silver 
smiths  of  Mexico  and  Peru.  Instead 
of  bellows,  says  Oarciliuso,  the  latter 
Mo.  100.  OiAdd^ii  or  Hindgdu  had   blow-pipes   "msde    of   copper, 

about  a  yard  long,  the  ends  of  which 
were  narrow,  that  die  breath  might  pass  more  forcibly  by  means  nf  the 
contraction,  and  as  the  fire  was  to  be  more  or  less;  so  accordingly  they 
used  eight,  ten,  or  twelve  of  these  pipes  at  once,  as  the  quantity  of  metal 
did  retjuire."     (Commentaries  on  Peru,  p.  52.) 

The  next  step  was  to  apply  a  leathern  bag  or  sack,  formed  of  the  skin 
of  sotno  animal,  to  one  end  of  the  tube  (»hown  in  No.  80)  as  a  saliatitute 
far  the  mouth  and  lungs.  The  bag  was  inflated  by  the  act  of  opening  it, 
or  by  blowing  into  it,  and  its  contents  expelled  by  pressnre.  To  such 
Homer  seems  to  allude  in  his  account  of  Kolus  assisting  Ulysses: 
The  advenie  winds  in  leathern  bign  he  tnraevd, 
Comprcwed  UMir  force,  sod  lockad  aacfa  mninling  Uul  OJfi.  IB, 

•Ancient  bronze  tannoT  IbrcBps.similu  10  tfatM*  in  the  cut,  hava  been  ronad  ia 
I^pt,  which  retain  Aeir  ipring  perTeetlr.  Cruciblen  ■imilar  to  tbow  u*ed  at  tba 
pnaentdaj'  hsTc  alKi  been  dneoTered.  Wilkinua's  Hanaenind  Ciutoms  of  Iha  Afr 
aient  EgrptiaiM.  vol.  iii,  XM. 
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And  Ovid: 

A  Iwpn  to  UljHCa  be  eootigatd, 

And  in  B  ■teai'i  tongb  bide  enclowd  a  wind.    Jfct.  xh. 

The  goldsmiths'  bellows  at  Barbary  consists  of  a  goat's  skin,  having  ft 
ned  inserted  into  it:  'he  hnlds  the  read  with  one  hand  and  presses  the 
bag  with  the  other.'  (Ed.  Encyc.  vo).  iii,  358.)  The  Daraaras,  a  tribe  of 
negroes  in  Southern  Africa  mentioned  by  Barrow,  manufacture  copper 
ring*,  ttc.  from  the  ore.  The  bellows  they  use,  he  observes,  "is  made  of 
the  skin  of  a  gemsbok,  (a  species  of  deer)  converted  into  a  sack,  with  the 
horn  of  the  same  animal  fixed  to  one  end  for  a  pipe." 

Simple  instruments  of  this  description  have  always  been  applied  to 
eject  liquids.  Small  ones  were  coramcQly  used  by  ancient  physicians  in 
administering  enemas;  a  purpose  fur  which  they  are  still  used.  Lai^ 
ones  were  recommended  by  Apollodorus  the  architect,  a  contemporary  of 
Pliny  and  Trtuan,  as  a  subatitute  fur  fire  engines,  when  the  latter  were 
not  at  hand.  When  the  upper  part  of  a  house  was,  on  fire,  and  no  ma- 
chine for  throwing  water  to  be  procured,  hollow  reeds,  h«  observed, 
might  be  fastened  to  leathern  bags  filled  with  water,  and  the  liquid  pro- 
jected on  the  flames  by  compressing  them. 

As  the  current  of  wind  from  a  single  sack  or  bag,  necessarily  ceased 
as  soon  as  it  was  collapsed,  some  mode  of  rendering  the  blast  amtmiumi 
was  desirable ;  and  In  the  working  of  mm  indispe^sible.  The  most  ob- 
vious plan  to  accomplish  ihis  was  to  make  use  ot  Itoo  bags,  and  to  work 
them  so  that  one  might  be  inhaling  the  air,  while  the  other  was  expelling 
it — that  is,  as  one  was  distended,  the  other  might  be  compressed.  Thia 
device  we  shall  find  waa  very  early  adopted,  and  by  all  the  natioos  of 
antiquity. 

"      '     "      '  Important  imp 

of  air  by  a  s  , 
o  the  invention  of  the  talvb,  one  of  the  most  essential  elements  of 
hydnullc  as  well  as  pneumatic  machinery.  The  first  approach  to  the 
ordinary  valve,  was  a  device  that  is  still  common  in  the  bellows  of  tome 
African  tribes.  A  bag  formed  of  the  skin  of  a  goat,  has  a  reed  attached 
to  it  to  convey  the  blast  to  the  fire  ;  and  the  part  which  covered  the  neck 
of  the  animal  is  lell  open  for  the  admission  of  air.  This  part  is  gaAered  wp 
in  the  hand  when  the^tag  is  compressed,  and  opened  when  it  is  disteudea. 


J 
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An  improTenwDt  upon  this  primeval  device  is  exhibited  in  the  bellom 
of  tfca  Foulah  blacksmiths,  on  the  western  coasts  of  Africa.     '* ^-*- 


But  by  far  the  most  Important  improvement  on  the  primitive  bellows  or 
bag,  was  the  admission  of  air  by  a  tparatt  opening—*  contrivance  that 
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of  two  cal^Msltof  connected  together  hy  two  hollow  bunbooB  or  reeds,  in- 
ierted  into  iheir  sides,  and  united  Bt  an  angle  to  another  which  leads  to  the 
fire,  as  represented  in  the  figure.  A  large  opening  is  roadi.  on  the  top 
of  each,  and  a  cylindrical  bag  or  tube  made  of  toft  goats'  skins  stitched 
or  otherwise  secured  round  the  edges.  The  workman  seats  himself  on 
the  ground,  and  placing  the  machine  between  his  It^gs,  he  grasps  the  ends 
of  the  bags,  and  by  alternately  raising  each  with  the  ntoulh  ajm,  and 
pushing  it  into  the  calabash  when  doted,  the  air  in  the  latter  is  forced 
into  the  fire,  and  a  uniform  blast  maintained-  The  action  is  very  similar 
to  that  of  gathering  in  the  hands  the  lower  edges  of  two  bat  linings,  and 
constantly  drawing  one  out  and  thrusting  the  other  in. 

The  negroes  of  the  Gold  Coast  are  represented  to  have  other  kinds  of 
bellows.  The  principal  tools  of  their  smiths,  are  "a  hard  stone  for  an 
anvil,  a  pair  of  tongs  and  a  small  pair  of  bellows,  with  three  or  more 
pipes,  which  blow  very  strong-— an  invention  of  their  own."  We  have 
not  been  able  to  find  any  description  of  these.  See  Grand  Gazetteer, 
Art.  Guinea ;  and  Histoire  G^nerale,  torn,  v,  314. 

Another  species  pqiially  simple  but  more  efficient,  is  common  in  Asia, 
Africa,  and  alao  in  Wallar.hia,  Greece  and  other  parts  of  Europe.  The 
contrivance  for  admitting  the  air  is  an  improvement  upon  the  last,  bnt  the 
orifice  is  still  opened  and  closed  by  the  fingers  of  the  blower.  Instead 
of  the  mouth  of  each  bag  being  drawn  up  in  the  hand,  it  is  stretched  out 
in  the  form  of  a  long  slit;  to  the  lips  of  which  two  strips  of  wood  are 
sewed.  The  inner  side  of  each  strip  is  made  straight  and  smooth,  so  ihat 
when  broueht  together,  they  form  a  close  joinL  They  are  grasped  in 
the  middteoy  the  workman,  who  alternately  opens  them  when  he  raises 
the  mouth  to  admit  the  air,  and  closes  them  when  he  expels  it. 

No.  lOS  represents  the  assist- 
ant of  a  Hindoo  blacksmith,  urg- 
ing his  fire  with  a  pair  of  these 
instruments,  (copied  from  the 
volume  of  plates  to  Sonnerat's 
Voyages.)  From  an  inspection 
of  the  figure,  it  will  be  perceived 
that  the  strips  facilitate  the  act  of 
compressing  each  bag,  by  their  ex- 
tending Ijuite  over  it.  as  well  as  by 
their  stiffness :  in  these  respects 
they  may  be  considered  as  the 
nucleus  of  the  boards  in  the  com- 
mon bellows.  In  this  device,  the 
No,  in   PrlaJUn  Beilowi  gf  AjIm.  volvt  becomes  further  developed. 

To  similar  instruments,  Mr. 
Emerson  refers  in  his  'Letters  from  the  Egean.'  The  crew  of  a  Hy- 
driot  vessel  having  taken  her  ashore  at  Pares  to  repair  the  iron  clasp  of 
her  rudder,  an  opportunity  occurred  of  examining  their  bellows.  Mr.  E. 
describes  them  as  "a  very  antique  device,"  consisting  of  "  tM-o  sheepskins, 
united  by  an  iron  pipe  introduced  into  the  fire,  which  were  alternately 
dilated  with  air  and  compressed,  by  an  Arab  slave  who  knelt  above 
them."  With  the  exception  of  their  not  being  made  of  bull's  hide  but  of 
sheepskin,  he  observes  they  would  completely  suit  the  description  nf  the 
bellows  given  by  Virgil  in  the  Fourth  Geormc.  Blacksmiths  in  Ceylon 
use  the  same  kind,  but  made  of  bollocks'  hides,  and  furnished  with  noc- 
Eles  of  bamboo.  The  blower  seats  himself  on  the  ground  between  the 
two  bags,  and  works  di«m  with  hii  hands,  pulling  up  one  and  pushing 
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down  the  other.  (See  a  fi?are  in  Davis'  history  of  that  island,  and  also 
in  the  Register  of  Arts,  vol.  i,  300.)  The  domettic  bellows  of  Egypt  is 
made  in  th«  nme  wai/,  and  probably  has  always  been  so :  to  it,  Job  most 
likely  alluded,  (chap,  xs,  26.)  "The  ordinary  hand  bellows  now  used 
for  small  fires  in  Egypt,  (says  Mr.  Wilkinson)  are  a  sort  of  bag  made  of 
the  skin  of  a  kid,  with  an  opening  at  one  end  like  the  mouth  of  a  common 
carpet  bag,  where  the  skin  is  sewed  upon  two  pieces  of  wood;  and  these 
being  pulled  apart  by  the  hands  and  closed  again,  the  bag  is  pressed 
dowD  and  the  air  thus  forced  through  the  pipe  at  the  other  end." 

The  next  improvement  seems  to  have  been  that  by  which  the  slit  was 
superseded  by  a  flap  or  clack,  so  as  to  be  udf-aeting,  as  in  the  ortiinary 
European  or  American  bellows — in  other  words  a  valve,  that  opened  by 
the  pressure  of  the  atmosphere  when  the  bag  was  raised,  and  which  was 
closed  by  its  own  weight  or  by  the  elasticity  of  the  confined  air.  Among 
the  interesting  discoveries  which  recent  examinations  of  Egyptian  monu- 
ments have  brought  to  light,  figures  of  such  bellows  have  been  found 
sculptured  in  a  tomb  at  Thebes,  which  bears  the  n^me  of  Thothraes  III, 
one  of  the  Pharaohs  who  was  contemporary  with  Moses.  No.  103  repre- 
sents four  employSd  at  one  fire,  nach  pair  being  worked  by  the  hands  and 
feet  of  a  laborer,  and  in  a  manner  singularly  ingenious  and  effective ;  prov- 
ing that  the  Egyptians  of  those  times  well  knew  how  to  combine  muscu- 
lar energy  with  the  weight  of  the  body  to  produce  a  maximum  effect. 


No.  103.    EfnHiuBgllowiuidBxUoiiiBlovcn.    1500  RC 

The  ba^  were  secured  to  frames  or  to  the  ground,  and  appear  to  have 
had  rings  of  cane  within  them  to  keep  the  leather  extended  m  a  horizontal 
direction.  A  separate  pipe  proceeded  from  each  to  the  fire.  The  valves 
or  clacks  are  not  shown  because  being  placed  underneath  they  were  out 
ef  sight.  In  working  them  a  laborer  stood  upon  two,  one  under  each 
foot,  and  taking  two  cords  in  his  hands,  the  tower  ends  of  which  were 
secured  to  the  top  of  the  bag* ;  he  alternately  rested  his  wei^t 
upon  each  to  expel  the  air,  and  inflated  them  when  exhausted  by  pulhn^ 
the  cords;  thus  the  whole  weight  of  his  body  was  uninterruptedly  em- 
ployed in  closing  one  bellows,  while  the  muscular  fon:e  of  his  arms  was 
incessantly  engaged  in  opening  another.  We  question  if  a  more  simple 
and  efficient  application  of  human  effort  can  be  produced. 

Such  bellows  were  used  in  Egyptian  kitchens,  and  were  indeed  neces- 
sary when  the  massive  canldrons  end  huge  joints  of  meat  boiled  in  then), 
ere  considered.*  The  same  pnetice  continued  through  the  middle  ages, 
in  Europe,  when  'bellows  blowers'  formed  part  of  the  establishment  of 

■  Wilkiaaea'a  HuMn  ud  CwtoiH  of  the  Ancient  EgTptioDa.  vol.  ii,  384.  Vol.  iii,  33D. 
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royal  kitcheru,  and  whoBo  duty  it  was  "to  see  thit  soup  when  on  the  fire 
waa  neither  burnt  nor  amoked."*  Among  the  relics  that  formerly  be- 
loneed  to  Guy,  the  fatnoua  Earl  of  Warwick,  ia  a  caulilron  or  kitchen 
boiler,  made  (iF bell-metal,  which  cnntaina  ISO  gallona,  l>ut  wboie  capacity 
does  not  eqi^l  that  of  more  ancient  onea>  To  the  old  custom  of  em- 
ploying pnraons  exclusively  at  the  bellows,  aa  in  the  preceding  cut,  Vir- 
gil alludea  in  the  following  line: 

One  alin  Ibe  fire  and  one  the  bellowi  blows.  £>.  vlii. 
Every  modem  bellowa  maker  would  be  convinced  from  an  inapecticm 
of  the  last  figures,  that  valves  were  employed,  since  the  inatruments  could 
not  possibly  have  acted  without  them ;  but  all  doubts  respecting  en  ac- 
quaintance with  the  valve  in  those  remote  ages  when  the  sculptures  were 
executed,  is  removed  by  two  other  bellows  portrayed  in  the  same  tomb, 
and  shown  in  the  next  cuL     These  differ  from  the  preceding  and  were 


been  of  wood,  in  the 


or  clacks  were  therefore  inverted,  as  in  our  ordinary  bellows  turned  up- 
■tde  down.  To  persona  not  familiar  with  the  subject,  this  circumstance 
might  excite  surprise,  but  the  class  to  which  these  belong  have  almost  al- 
wagt  had  the  valve  in  the  mooeabU  board  ;  and  in  whatever  position  they 
were  used — whether  horizontally  as  in  these  figures,  or  vertically  as  m 
the  next.  In  Ceylon  aad  other  parts  of  the  East  they  are  used  as  shown 
in  No.  104. 

But  are  not  both  bellows  in  the  last  cut  double-acting,  that  is,  impelling 
air  from  them  both  when  moved  up  as  well  as  when  pushed  downl  From 
the  figures  it  would  seem  that  such  were  intended ;  for  (wo  pipe*  are  rep- 
resented as  proceeding  from  Mcft,  while  one  only  is  connected  to  thoae  m 
No.  103;  and  one  instrument  wai  deemed  sufficient  to  occupy  one  la- 
boreiv— to  this  there  possibly  may  be  an  allusion  in  the  knota  on  the  ends 
of  the  cords,  which,  in  the  hieroglyph  teal  language  of  E^pt  may  sig- 
nify the  greater  liability  of  slipping  through  the  hands,  m  consequence 
of  the  aaperior  force  required  to  work  them.  Indeed  ybw  different  bel- 
lows are  represented.  In  No.  103,  two  are  made  of  single  bags,  and  two 
of  double  ones,  as  appears  by  the  bands  around  them:  and  in  No.  104, 
one  is  round  like  the  lantern  bellows,  and  the  other  oblong,  both  kinds  of 
which  are  common  at  this  day  in  the  East ;  and  both,  as  already  re- 
marked, seem  to  be  double  acting  like  thoae  of  our  smiths, 

This  variety  was  probably  designedly  introduced  into  the  sculptures  to 
aid  in  conveying  to  posterity  a  knowledge  of  the  state  of  the  arts  at  that 
time  in  Egypt  The  circumstance  is  an  interesting  one,  and  should  lead 
lore  Uiorou  ' 


to  a  more  uiorough  examination  of  those  wonderful,  those  eternal  records 
of  the  arts  and  sciences  of  past  ages,  than  has  ever  been  given  tbem ;  not 
only  every  group  but  every  figure  among  the  millions  imprinted  on  these 


■  FoRbroke'i  Elnryc.  Antlq.      ''  Houlc'a  En^iah  Coonliei.    1>db.  1831. 
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impcri^able  p«gH,  doMrre*  not  meraly  to  be  scrutinized,  but  accurately 
copied.  Many  of  them  are  fraught  with  information  of  the  hij^eat  in- 
terest to  tlie  arts;  and  whether  the  maoa  of  hieroglyphical  records  be  ever 
undrrsbKid  or  not,  there  is  no  difficulty  iu  comprehending  the  moat  in- 
teresting of  tliese. 

One  uf  the  fignres  in  the  last  illustration  is  obviously  a  modification  ot 
the  old  laiUem  bellows  (so  Dsmed  from  iu  resemblance  to  the  paper 
laotern,  still  coaimon  in  Egypt;)  they  consist  of  two  circular  boardi 
united  to  the  ends  of  a  cyliniirical  bag  of  flexible  leather.  In  the  centre 
of  one  board  is  an  opening  covered  by  a  Bap  opening  inwsrds,  and  to  the 
other  the  tuyere  is  attached.  In  working  them,  the  board,  through  which 
the  air  is  admitted,  is  moved,  and  the  other  kept  stationary.  Ihey  ais 
quite  common  in  Asia,  Egypt,  and  generally  throughout  the  oriental 
worid;  and  appear  to  have  undergone  no  change  whatever,  either  in  their 
materials,  form,  or  modes  of  working  them,  since  the  remotest  times: 
even  working  them  by  the  feet,  as  practiced  by  Egyptians  under  the  Pha- 
raohs, is  still  common  at  the  native  iron-forges  of  Ceylon.  Dr.  Davy  in 
his  account  of  that  island  has  given  a  figure  of  them,  a  copy  of  which  it 
inserted  in  the  Register  of  Arts  for  1B28,  page  367:  the  cords  for  rainng 
them  are  attaiibed  Lo  an  elastic  stick,  instead  of  being  held  in  the  hands 
as  in  the  two  last  cuts. 

They  are  used  by  modern  blacksmiths  of  Egypt  in  a  horizontal  position, 
(as  in  the  next  figure)  and  worked  by  an  upright  lever,  which  the  assist- 
ant pushes  from  and  draws  towards  him.  M.  P.  S.  Qirard  has  given  a 
figure  and  description  of  them  in  the  Grande  Dttcriptum,  tarn,  ii,  £.  M. 
p.  618,  planche  21.  He  observes  that  the  coppersmiths  of  Cairo  and 
Alexandria  use  the  same;  and  further  that  they  are  common  in  the  Inta- 
tior of  Africa:  "leur  forme  eat  probablement  tres  ancienne.  U  rdsulte 
en  efiet  de  quelques  reseignemens  que  m'ont  donnas  des  marchands  venna 
avec  les  caravanes  de  D&rfour,  que  des  soufHets  de  la  m6me  forma  soot 
employ^  par  les  peuples  do  Vinterieur  dt  VAfrxqut." 

Lantern  bellows  were  formerly  common  in  Europe.  They  were  em- 
ployed in  old  organs.  See  L'Art  du  Facteur  d'Orgues,  Arts  et  M^tieres, 
p.  667,  plates  132  and  135.  Sometimes  tlie  blowers  had  their  feet  fixed 
upon  the  upper  boards,  and  holding  by  a  horizontal  bar  they  inflated  one 
bellows  by  raising  one  foot,  and  compressed  the  other  by  pushing  down 
the  other  (boL  (Bncyc.  Antiq.)  The  scabilla  of  the  Romans  were  small 
bellows  of  the  same  kind,  one  of  which  was  attached  to  one  foot  for  the 
purpose  of  beating  time,  and  with  castanets  were  used  to  animate  dancera. 
Several  are  figured  by  Montfaucon.  The  ancients  varied  tho  form  of  the 
bellows  almost  infinitely  in  adapting  them  to  various  purposes.  Some 
were  attached  to  altars  \a  aid  in  the  combustion  of  victims  :  one  for  this 
parpote  is  represented  on  one  of  the  Hamilton  vases.  Lantern  bellows 
were  also  common  in  European  Uatt  furnaces.  No.  105  shows  their  ap- 
plication to  this  purpose,  copied  from  the  De  Be  Metallioa  of  AericoU. 
Similar  bellows,  except  the  boards  being  of  an  oblong  form  like  £e  one 
in  103,  are  common  in  Hindostan,  and  worked  by  bond  as  in  the  next 
figure,  but  without  any  frame  to  support  them;  the  blower  kneels  and 
works  them  in  nearly  a  vertical  position.  See  a  figure  in  Shoberl's  Hiik- 
doitan,  vol.  r,  p.  9. 

The  bellows  of  Vulcan  were  probably  of  the  same  kind.  Those  repre- 
•eiited  in  torn,  i,  p.  24,  of  Montfaucon  s  Antiquities,  appear,  from  that 
portion  of  them  which  is  seen  projecting  from  the  back  of  the  forge,  to 
oe  identical  with  those  in  No.  lOfi,  and  worked  in  precisely  the  same 
way.     In  plate  xx,  on  Painting,  of  D'Agincourt's  History  of  the  Fine 
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Ana,  which  coniuna  BOtne  illuitr&nons  of  the  Bneid,  executed  in  the  4th 
and  3th  centuries,  Vulean's  forge  iaTe{)resented  and  the  bellows  blower 
behind  it,  apparently  with  the  same  tunc     "  ' 


That  Vulcan'*  bellows  were  not  permanent  fixtures  as  those  of  onr 
smiths  are,  but  were  similar  to  those  fibred  abat'e,  appears  from  their 
having  been  laid  aside  when  not  in  use,  in  common  with  other  implements 
of  the  for^i'a  practice  usual  at  the  present  time  in  various  parts  of 
the  east:  and  we  may  add  that  like  modern  blacksmiths  of  Asia,  he  tat  at 
work.  Thus,  when  his  wife  Chans  informed  him  of  the  arrival  of  Thetis 
*t  their  dwelling,  he  replied : — 

Hsste,  then,  and  hospilsblj  spTeed  Ihe  board 

For  her  reicale,  while  with  my  best  deapati^h 

I  Inf  ni  biSiMt  and  m;  tools  atiib. 

He  «Mke,  and  isst  in  balk  and  hot  with  toil. 

AOMliuipiiig  from  hia  anvil-flock. 

Upborne  nilli  pain  OD  legi  lunaoni  and  weak : 

Pint,  from  the  forge  diilodjt'd  he  Ihmt  apart 

Hit  Mimei.  and  hi*  tnoli  colleclinf  all, 

Bestowed  thsm  earefal  in  a  silver  chest 

And  when  he  subsequently  returned  to  make  the  armor  whfcfa  Thetis 
nquired  for  her  son,  he 


A  singular  circumstance  is  related  by  Herodotus,  wbioh  shows  that  the 
same  mode  of  obtaining  a  continuous  blast,  viz.  by  two  bellows,  (and  in  all 
probability  by  the  same  kind  as  those  above  figured)  was  employed  by 
blacksmttha  in  ancient  Greece.  The  Lacedemonians  having  been  repeat- 
edly defeated  by  die  Tegeans,  sent  an  embassy  to  the  Delphic  oracle,  to 
ascertain  the  means  by  which  they  could  overcome  them.  The  Pythiau 
Assuied  them  of  success  if  they  recovered  the  body  of  Orestes,  the  son 
of  Agaraemnon,  which  had  been  buried  several  centuries  somewhere  in 
Arcadia,  the  tantJ  of  their  enemies.  Being  unable  to  discover  the  tomb 
they  sent  a  second  time  to  inquire  concerning  the  place  of  his  inteniwDt, 
when  they  received  the  followbg  answer- 


Chap.  1.]  SeBmBi  Fmvmg  Ptui^.  84t 

A  pUin  wiAiD  tb'  Arcadian  land  1  know, 

Wtwre  daiiU  inwff  wilb  fonrd  eiertian  blow, 

Where  form  lo  Ibrm  wiUi  miilual  atreuglh  rsplioB, 

And  ill  by  other  illi  inppoFled  lies; 

Tbal  urtb  contaiiu  iha  great  Atriclei'  son ; 

Take  him  and  couquer  :  Tegea  then  ii  won. 
On  the  recflipt  of  this,  search  was  a.?aJn  made  for  tlie  body  without  ioter* 
miMion,  and  at  laat  it  wu  discovered  in  a  singular  manner.  At  the  liine  a 
commercial  inbirconrae  existed  between  the  two  countries,  a  S|)artan  ot- 
airy  officer,  namod  Lichas,  being  in  Tegea,  happened  to  visita  sniithaihii 
foi^e,  and  observing  with  particular  curiosity  the.  process  of  woriiing  tb* 
iron,  the  aniith  desisted  fmtnhis  labor  and  addressed  him  thus;  "Strangar 
of  Sparta,  you  seem  to  admire  the  art  which  you  contemplate;  but  bow 
iDiich  more  would  your  wonder  be  excited,  if  you  knew  ail  that  1  am  able 
tocommunicatel  Near  this  place,  as  I  was  sinking  a  veil,  I  fauad  « 
"■  iubits  long.     1  never  believed  that  men  were  formerly  of 


larger  dimensions  than  at  present,  but  when  I  opened  it,  I  disi 
body  equal  in  length  to  the  coffin — 1  correctly  measured  it,  and   placi 
where  1  found  iL        Lichas,  after  hearing  this   relation,  was   induced   lo 


elieve  that  this  might  be  the  body  of  Orestes,  concerning  which  the 
oracle  had  spoken.  He  was  furtlier  persuaded,  when  he  recollected 
that  the  beUovn  of  the  smith  might  intimate  the  two  winda;  the  anvil  and 
the  hammer  might  express  one  form  opposing  another;  the  iron  alia, 
which  was  beaten,  might  signify  ill  succeeding  ill,  rightly  conceiving  that 
the  use  of  iron  operated  to  the  injury  of  mankind.  The  result  proved 
the  sagacity  of  the  Spartan :  the  body  was  recovered,  and  finally  ibe 
Tegeans,  saya  Herodotus,  were  conquered.     Clio,  67,  68. 


No.  ICn.  Bl>()a  Farting  P. 


The  application  of  lantern  bellows  as  farcing  pumps  is,  withnnt  douM, 
of  great  antiquity  :  their  adaptation  to  raise  water  waa  loo  obviims  not  to 
have  been  early  perceived,  and  hence  we  infer  that  they  were  ar  leiist  oc- 
casionally employed  for  that  purpose  by  moat  of  the  nations  of  old.  Such 
pumpa  are  mentioned  in  old  works  on  hydraulics;  but  as  they  have  never 
31 
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eotna  into  general  use,  even  in  rnodeni  tiinei,  a  partieutar  account  nf  ibem 
prtsv'ioua  to  the  art  of  printing,  ii  not  to  be  expected.  A  writer  in  th« 
Oramdc  DcKiiptioh  of  Eg^jit,  ileacrilting  the  unitli's  bellows  of  that  couti- 
try,  observes : — "  Ces  sonea  Je  souffleti  dtoient  employes  vertioalement 
dans  It!  seizieme  sliicle  tani  pour  animer  la  feu  dea  forges  que  jiour  eieoer 
Ptau,  suit  en  rareliant  I'air  soit  eu  le  comprimant;  ils  sont  dt^rits  daua 
I'onvrage  do  Raiuelli,  impriDntf  en  1568." 

No.  106  represents  a  double  lantern  bellows-pump,  as  used  in  the  16tli 
Mntury.  The  mode  of  its  operation  is  too  obvious  to  require  detailed 
descri]ttioii.  As  one  bellowa  is  distended  by  working  the  lever,  the  at* 
mosobere  drives  water  up  the  suction-pipe  into  its  cavity ;  and  the  other 
at  toe  same  time  being  compressed,  expels  its  contents  through  the 
ascending  or  forcing  pipe  :  the  valves  at  the  lower  part  of  the  latter,  and 
those  ever  the  orifices  of  the  two  brsnchea  of  the  auction-pipe  opening  and 
closinff,  M  shown  in  the  figure.  There  is  a  pump  aimilar  to  this,  but 
geared  in  a  dilTerent  manner,  in  Hncheite's  Traite  elenientaire  des  mochi- 
nes.  Papin,  in  a  way  to  raise  water,  which  he  proposed  enigmatically 
in  the  Fhilosophicat  Transactions  in  1065,  used  the  lantern  bellow*  as  a 
forcing-pump.  In  a  solution  by  another  writer,  it  is  said  : — "  A  vesMi 
made  like  the  body  of  a  pair  of  bellows,  or  those  puffs  heretafar«  used  by 
barbers  being  filled  with  water,  a  piece  of  clockwork  put  under  it,  may 
pW>duce  die  jets."  Phil.  Trans.  Abridg^  vol.  i.  639.  A  similar  appli* 
«ation  of  the  bellows  was  described  in  Wesson's  Theatre,  in  1579,  the 
moveable  board  being  impelled  by  a  spring. 

No.  107  is  another  example  of  bellows  forcing -pumps.  It  consists 
of  the  frictionless  piston  of  Gosset  and  Deville,  (No.  S3,)  but  without  a 
Talve ;  a  farcing  or  ascending  pipe,  having  its  lower  orifice  covered  by  a 
valve,  is  attached  to  the  cylinder  below  the  piston.  Pumps  of  this  kind 
have  also  been  made  double  acting,  by  paasing  the  piston  rod  through  a 
■tuffiog  box  on  the  top  of  the  cylinder,  and  by  a  double  set  of  vsJvea 
arranged  as  in  the  pump  of  La  Hire. 

Of  late  years  machines  like  those  figured  in  the  two  last  cuts,  bave  been 
reintroduced  into  Europe  and  this  country. 

Alihougli  we  have  not  heard  of  any  one  having  run  ont  of  his  wits  for 

{'oy  St  thejr  discovery,  like  the  blacksmith  mentioned  by  Cardan,  we  hare 
leard  of  some  who  were  nearly  in  that  predicament  from  disappointment 
in  having  found  themselves  anticipated.  A  few  years  ago  they  were  an- 
nounced in  this  city  as  a  new  and  very  important  discovery ;  and  several 
gentlemen  allowea  their  names  to  go  abroad  as  vouchers  of  tbeir  origina- 
Ety  and  superiority  over  the  cmnroon  pump.  ' 

The  proofs  of  the  antiquity  of  many  of  our  ordinary  utensils  are  derived 
from  representations  of  them  on  vases,  candelabra,  and  other  works  of 
art  that  have  como  down.  Of  this,  the  domesuc  bellows  is  an  example ; 
the  only  evidence  of  its  having  been  known  to  (he  Greeks  or  Romans, 
is  furnished  by  a  lamp  ;  but  for  the  preservation  of  which,  it  might  bava 
been  deemed  a  modem  invention.  Of  do  other  article  of  ancient  house- 
hold farniture  are  more  apecimeoB  extant  than  of  lamps,  and  not  a  little  of  the 
public  and  private  economy  of  the  anuents  has  been  illuetrsted  by  them. 
Among  those  in  private  collectiona  and  public  museums,  are  some  that 
were  once  suspended  in  temples,  others  that  illuminated  theatres  and 
baths — that  decorated  the  banquet!  ng-rooma  of  wealthy  patriciana,  as  well 
as  such  as  glimmered  in  the  dwelhnga  of  plebeians;  the  former  are  of 
bronse,  elaborately  wrought  and  enriched,  the  latter  mostly  of  eanben- 
ware.  The  fertility  of  conception  displayed  in  these  utensila  is  wonderfnl. 
Afl  nature  seems  to  hare  been  ransacked  for  devices,  and  m  modiQring 
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them,  the  imaginatinnx  nf  the  iJeeignera  ran  perfectly  wild ;  while  many 
are  in  their  forms  and  docoralinna  exquisitely  chtislc,  others  are  hizarre* 
and  aome  are  obscene.  There  is  one  oriironze  on  which  an  individual  is 
represented  blowing  the  flnme  with  his  mouth,  bb  in  the  act  of  kindling  a 
iire ;  and  in  another  the  artist  has  introduced,  as  an  appropriate  emiieliiah-' 
nent,  a  person  perTormlng  the  same  operation  with  a  pair  of  betliiws,  of 
precisely  the  same  form  as  those  in  our  kitchens.  No.  108  is  a  figure  of 
this  lamp,  from  the  5th  volume  of  Montfaucon's  Antiquities. 


TTr  I1ffi  miliiirilf  iHmlimiiliT  IhlMBtUitwiFatdif  PaBpiliooKlKkw. 
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An  example  of  the  applieatioti  of  such  bellows  as  atmospheric  pumpt 
bai  already  been  Riven,  pag»  207.  The  adjoining  Bgore  (No.  109)  is  copied 
fi-om  Kircher's  Mundua  Saliterraneus,  torn,  i.,  p.  230,  Amsterdam,  1665  ; 
it  represents  two  large  bellows  employed  as  lucking  and  farcing  pumps, 
being  worked  by  a  water  wheel,  to  the  axis  of  which  the  crank  repre- 
sented was  attached. 

Bellows  like  the  last  and  worked  in  a  STmitar  manner,  wefe  among  ro- 
dent devices  for  TcMilaiing  nnoes :  the  various  modes  of  adapting  them 
to  the  parpose  may  be  aiiduCed  as  another  example  of  their  analogy  to 
pumpa.  Sometinies  tliev  wore  used  to  force  down  fresh  air  in  sufficient 
quantities  to  render  the  impure  and  stagnant  atnooaphere  below  respira- 
hle ;  at  others  they  drew  the  foul  air  up.  In  the  first  case,  they  were- 
|>laeed  near  the  mouth  of  the  shaft,  a  pipe  was  attached  to  the  nozsle  and 
coDtinoed  down  to  the  place  where  the  miners  worked,  and  when  the  bd- 
lows  were  put  in  motion,  currents  of  fresh  air  were  supplied.  In  the 
latter  case,  the  pipe  was  connected  to  the  opening  in  the  nnaer  board,  i.  e. 
to  tbe  aspirating  *alve,  thitragfa  which  the  tmpnre  wr  was  drawn,  and 
then  expelled  out  of  the  noisle  ;  but  in  this  case  an  expiring  valve  waa 
required  in  the  noEsle,  opening  outwards  to  prevent  air  from  entering 
through  it  when  the  bellows  were  again  distended.  The  same  result  was 
•ometimea  obtained  in  the  following  manner :  An  opening  waji  made  and 
covered  by  a  valve  in  the  upper  board  instead  of  the  lovrar  one,  and 
when  the  bellows  were  distended,  the  impure  air  rushed  up  the  pipe  ■ 
which  waa  attached  to  the  nonle,  and  was  expelled  through  the  opening 
covered  by  the  flap  when  the  bellows  were  closed.  Several  figures  re- 
presenting these  and  other  applicatioos  of  bellows  are  given  by  Agricola. 

Onguet  observes  that  draft  furnaces  were  prob^y  invented  early, 
hU  b^ioiet  wan  moL  We  slioald  nppose  the  reverse  was  the  fact;  for 
the  adrantagas  <^  u  artificial  UaR  moat  have  been  obvioiu  fHxai''Avflhi 
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use  of  fir«,  and  natvraUy  led  to  the  use  of  the  nioath  to  blow  it,  then  the 
ned,  sack,  and  subseiinentl;  a  siil  or  valve  in  the  latter,  would  follow  U 
an  almo«t  neceBsary.setjuetioe ;  and  long  before  the  idea  of  increasing  the 
ioteiivity  of  heat  by  Hue*  or  chtmneya  could  have  been  thought  of.  No 
naiurul  occurrence  could  have  led  to  the  invention  of  these  before  the 
other,  nor  liaa  there,  as  yet,  been  round  any  account  or  representation  of 
draft  furnaces  of  equal  antiquity  with  those  of  bellows. 


CHAPTER     II. 

Punn  Ballani  UHd  la  witn  orfux— EnfiiTsd  <>■  ■■•did  if  TalnUalo— Cud  ii  Ailn  oJ 
AlHa  B^Oswi  oT  Mninntir.  CUiHt  btllovt  •  »,<xv»\  of  two  ti  iIm  niU*Mplik  Hhhb— 
K«urki «  ■  kiavhtdp  or  Ok  pamp  UBODg  Ui«  ucinl  Chlnm  CMmm  ballun  ilnilu  )■  thdr 
•OBKnclioB  w  tk*  wuar-ftnrr  of  Clmlblw,  Ika  doubk  uliif  imap  at  La  Hin,  Ibi  EjrUndriinl  tamm- 
■■fJOB,  asd  condfliwliii  ud  iibHiuliiif  alr^punpa.  DobUa  ae^Df  baDawa  tt  HadataKv — AlLwI|ad 
■jaemtca  af  Iba  old  PhuiIw  ud  Mriicu  miUuaf  ballosti  Thalr  caanul  an  dT  Udwjdi  uba  ■• 
rrooT  at  diit— Cumplu  Ina  AiiaUo  gold  aail  tUitr  lailUia  Balm  Birbaem— Mejttaa  Vulna, 
Nalaral  banoBa-paiBpa ;  Dhivlaf  ^iparUm  of  tba  irbala-^llpbul— Kiu  ud  deaaaat  of  luiliia  mi- 


9la(  ■  Ikini  paup  •  Wowtin  oi  iu  raacbaali 
la^aaofitddxillf  Uia  nKhanWn  dTbuIbibIl 


The  bellows  described  in  the  last  chapter  are  all  formed  of  leather  or 
0sklns,  and  ore  obvious  modifications  of  the  primitive  bog  or  sack;  the 
wooden  ends  of  some  of  them  being  adopted  merely  Co  facilitate  their 
distenaion  and  collapeion.  From  the  simphcity  of  their  construction  and 
general  efKeiency  they  still  retain  a 
place  in  onr  workshops  and  dwell- 
ings, and  are  in  no  danger  of  being 
replaced  by  modern  substitutes : 
but  the  ingenni^  of  ancient  bellows 
makers  was  not  exhausted  on  these, 
for  they  had  others,  differing  both 
in  form,  materials  and  mode  of  ac- 
tion ;  viz:  pulo»  btUowt;  machines 
identicsl  with  cylindrical  totaoQ- 
pumps.  At  whu  time  thew  were 
first  devised  we  have  no  aeeount ; 
but  as  they  are  described  by  Vitru- 
viua,  in  his  account  of  hydrwilic  or- 
gans, without  the  slightest  iminw- 
tian  of  their  being  then  of  recent 
date,  they  may  solely  be  classed 
among  those  inventionB,  the  origin 
of  which  is  too  remote  to  be  di*- 
oovered. 

No.  1 10  represents  a  person  woo- 
ing two  of  them  to  anpply  wind  for 
a  water  organ,  from  Barbaro's  Vi> 
truvius,  Venice,  1567.  They  are  suh- 
niuaBaiiM  stantially  the  same  as  those  figured 

by  Perraiilt  and  Newton  in  their 
insi  and  by-  Rircher  in  his  Musurgia  Universalis,  (torn,  ii,  332.) 
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The  bloirer,  by  alternately  nisin^  one  piston  and  depresdng  the  other, 
pumped  air  into  a  large  reiervoir :  this  was  an  open  vessel  inverted 
into  another  containing  water,  and  aa  the  air  accumulated  iji  the  furmer, 
the  liquid  waa  gradually  di^;placed  and  rose  in  the  latter,  as  in  a  gas 
holder.  It  wa«  the  constant  pressure  exerted  by  this  displaced  water 
that  UT^ed  the  air  through  the  pipes  of  the  organ,  whenever  the  valves  for 
its  admission  were  opened.  The  c[ueBtion,  perhaps  may  be  asked,  Why 
&A  the  ancienta  prefer  these  bellows  in  their  organs  to  those  formed  of 
leather  and  boaroa,  such  as  are  figured  at  Not.  105,  108,  109  1  Probably 
because  the  pressure  required  to  be  overcome  in  forcing  air  into  the  reser- 
voirs waa  greater  than  we  fonn  and  materials  of  the  latter  could  safely 
bear.  It  is  very  obvious  from  the  brief  description  of  the  piston  bellowi 
of  the  Romans,  that  they  were  calculated  to  produce  much  stronger  blasts 
than  could  be  obtained  from  those  mode  of  leather.  Vitruvius  informs  us 
that  the  cylinders  and  valves  were  made  of  brau,  and  the  pistons  were 
aecuralely  twxed  and  covered  (or  packed]  with  strips  of  unshorn  sheep- 
akina.     They  seem  to  have  been  perfect  condensing  air-pumps. 

A  figure  of  an  ancient  hydraulic  organ  is  preserved  on  a  medal  of  Val- 
entiaian :  two  men,  one  on  each  side,  are  represented  as  pumping  and 
listening  to  ite  music.  This  medal  is  engraved  in  the  thinl  volume  of 
Hontfaucon's  Antiquities,  (plate  26,)  hut  the  piston  rods  only  ai-e  in  sight ; 
the  top  of  the  cylinders  being  level  with  the  base  on  which  the  blowers 
stand. 

As  piston  bellows  were  known  in  the  old  world,  it  might  be  supposed 
they  would  still  be  employed  in  those  parts  of  the  East  whcte  the  arts 
and  customs  of  former  ages  have  been  more  or  less  religiously  retained. 
Such  is  the  fact ;  for  like  other  devices  of  ancient  common  life,  they  ora 
used  by  several  of  the  half  civilized  tribes  of  Asia  and  Africa — people, 
amoiiE  whom  we  are  sure  to  meet  with  numerous  primitive  contrivances,  ' 
embodied  in  the  same  rude  forms  and  materials  as  they  were  before 
Orecian  taste  or  Roman  skill  improved  thenL  It  is  chie8y  to  the  in- 
cidental observadons  of  a  few  travelers  that  we  are  indebted  for  a  know- 
ledge of  these  implements  in  modem  days ;  but  when  the  times  arrive 
for  voyages  of  discovery  to  be  undertaken  for  the  purpose  of  describing 
the  maohines,  manufactures  and  domestic  utensils  of  the  various  nations 
of  the  earth ;  {undertakings  of  equal  importance  vrith  any  other,)  these 
bellows  and  dieir  numerous  modifications  will  furnish  matenuls  for  a  chap- 
ter in  the  history  of  the  useful  arts  that  will  be  replete  with  interestiog 
information.  As  they  are  cleorlv  identified  with  the  forcing-pump,  an 
tuM^ount  of  some  of  them  will  not  be  out  of  place. 

Dampicr  thus  describes  the  bellows  used  by  the  blacksmiths  of  Jlfni- 
danao.  "  They  are  made  of  a  wooden  cylinder,  the  trunk  of  a  tree,  about 
three  feet  long,  bored  hollow  like  a  pump,  and  set  upright  on  the  ground; 
on  which  the  fire  itself  b  made.  Near  the  lower  end  there  is  a  small  hole  - 
in  the  side  of  the  trunk  next  the  fire  made  to  receive  a  pipe ;  tbrou^ 
which  the  wind  is  driven  to  the  fire  by  a  great  bunch  of  fine  feathers, 
fastened  to  one  end  of  a  stick,  which  cloung  up  the  inside  of  the  cylinder, 
drives  the  air  out  of  the  cylinder  through  the  pipe.  Two  of  these  trunks, 
or  cylinders,  are  placed  so  nigh  together,  that  a  man  sianding  between 
them  may  work  them  both  at  once,  one  wiih  each  hand."'  Hero  we  have 
both  the  single  and  double  chambered  forcing-pump;  and  although  Daia- 
|ner  has  not  noticed  the  valves,  the  instruments  were  certainly  furnishef] 
with  them,  or  with  some  contrivance  analogous  to  them,  but  being  out  of 

•  Danipiar'i  Voyagas,  i.  3S3. 
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ngfat,  were  led  unnoticed  hy  that  intellieent  cailor.  The  beBows  of  MaJa- 
giUKar,  E&ys  Sonaeral,  "  is  composed  of  the  hollow  trunka  of  two  treea 
tied  tO|^iher.  In  the  bottom  there  are  two  iron  fuDsels,  aod  in  the  instd* 
of  each  tniDk  a  tucker  furnished  with  raHia,  which  supplies  ihe  place  of 
tow.  The  apprentice,  whose  bunncss  it  is  to  use  this  machine,  alternately 
■inks  one  ofuie  suckers  while  he  raises  the  olher."**  Similar  implements 
KrQ  also  used  in  smelting  iron  as  well  as  in  for|jing  iL  In  the  first  volume 
of  Ellis's  "  History  of  Madagascar,"  Lon.  1838,  there  is  a  representation 
of  two  men  reducing  iron  ore  by  means  of  four  piston  bellows.     No.  Ill 


The  furnace  is  descnbed  as  a  mere  hole  dug  in  the  ground,  lined  whh 
rude  dtnnework  and  plostered  with  clay.  It  was  filled  with  altemata 
layers  of  charcoal  and  ore,  and  covered  hy  a  conical  roof  of  clay,  a  small 
.opening  being  lef^  at  the  apex,  'llie  bellows  were  formsd  of  Uie  trunka 
of  irees,  and  stood  five  feet  above  the  ground,  in  which  they  were  firmly 
imbedded.  The  lower  ends  were  closed  "  air  tight,"  and  a  short  bamboo 
tube  conveyed  the  wind  from  each  to  the  fire,  as  represented.  "  A  rude 
son  of  piston  is  filted  to  each  of  the  cylinders,  and  tnc  apparatus  for  rais- 
ing iho  wind  is  complete."  As  no  mention  is  made  of  valves  nor  of  the 
Dpeiiings  through  which  air  entered  the  cylinders,  it  is  probable  that  the 

Siatons  were  perforated  for  that  purpose,  and  the  passages  covered  by 
apA  or  valves  ojiening  downwards,  a  device  which  the  artificers  of 
kladagascar  are  Bdjuainted  with.  See  No.  114.  These  bellows  are  of 
vaiious  sizes,  though  generally  from  4  to  6  inches  in  diameter.  Sometime* 
only  one  is  used,  but  it  is  then  made  of  larger  dimensions,  and  the  blower 
tiamlt  And  works  it  with  both  his  hands.  To  do  it  conveniently,  ho  raisei 
himself  on  a  bank  of  earth.  The  bellows  are  not  always  perpendicular, 
but  are  inclined  as  figured  in  the  back  ground  of  the  cut. 

'  SoDiisimt's  Vojfet,  iii.  36. 
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The  bluknnitha  cSJma  nw  Uie  wune  kiad.  Ragles,  in  his  Hiitory  of 
die  fiknd,  fS  vol.  193,)  after  qnotiiig  Dampier'g  descripiion  of  the  bel- 
lows of  Mindaoao,  observea  tia  account  "  exwetiy  coiTespandG"  wilh 
|}ml  of  Java.  "The  blackimitlis'  bellows  of  Smnalra"  says  Mr.  Maraden, 
"  lue  tliiu  constructod  :  two  bamboos  of  about  four  inches  diameter  and 
five  feet  in  len^,  stand  perpendicularly  near  the  fire,  opon  at  the 
upper  end  and  uopped  below.  About  ui  inch  or  two  from  the  bottom  a 
mull  joint  of  bamboo  is  inserted  inbi  each,  which  serve  as  nozzles,  point- 
ing to  and  meentig  at  the  fire,  'i'o  produce  a  stream  of  air,  bunches  of  ' 
feather*,  or  other  soft  substance,  are  worked  up  and  do\rn  in  the  upright 
tubes  like  the  piston  of  a  pump.  'Iliese,  when  pushed  downwards,  force 
the  air  throua^  the  email  honzontal  tubes  ;  and  by  ruung  and  sinking 
each  alternately,  a  condnual  current  of  tur  is  kept  up."*  The  Batliet 
IsUnden  use  the  same  kind  of  bellows.'  The  smiths  of  Bali  ha.ve  them 
also :  "  their  instruments  arc  few  and  simple,  their  forge  snjall,  and 
worked  by  a  pair  of  upright  bellows,  such  as  we  find  descnbod  in  Ra^ 
fles'  Java."*  They  are  not  confined  to  EOuthem  Afia  and  the  Kthloplan 
Archipelago,  but  are  used  in  concinenlal  Africa.  "  The  betlowd  of  tlie 
negro  artificers  on  the  Oamhia,  are  a  thick  roed  or  a  hollow  piece  of  wood, 
in  which  is  put  a  stick  wound  about  with  feathers,  [a  piston,]  which  by, 
moving  of  the  stick,  makes  the  wind.''' 

Without  entering  into  the  controversy  rospeetdng  the  origin  of  wooden 
bellows,  it  may  be  inferred  from  the  prece<fiiig  extracts,  that  such  have, 
been  in  use  from  remote  times  ;  and  that  the  cylindrical  forcing-pump,  sq. 
far  as  regards  the  principle  of  its  construction,  is  equullv  ancient :  of  this, 
the  instrument  now  to  be  described,  affords  another  inaicution.  It  is  the 
bellows  of  the  roost  numerous  and  most  singular  of  all  existing  people— 
a  people,  the  wisdom  of  whose  government  hiis  pre^rved  ihem  as  a  na- 
tion, through  periods  of  lime  unexampled  in  the  history  of  the  world,  and 
which  still  preterveii  them  amidst  the  prostration  by  European  cupidity  of 
nearly  all  the  nations  around  thorn ;  a  people,  too,  who  notwithstaudine 
all  that  our  vanity  may  suggest  to  depreciate,  have  furnished  evidence  of 
•n  excellence  in  some  of  the  arts  that  never  has  been  surpassed.  Tho 
Chiaete,  like  the  ancient  Egyptians,  whom  they  greatly  resemble,  havo 
been  the  instructors  of  Europeans  in  several  of  the  useful  arts;  but  the  pu- 
pils, like  the  Greeks  of  old,  nave  often  refused  to  acknowledge  the  souroo 
whence  many  inientlons  possessed  by  them  were  derived,  but  hav« 
claimed  them  as  their  own :  of  the  truth  of  this  remark,  we  need  only 
mention  pnntaig,  the  manner'*  cffntpau,  and  gunjimoder. 

In  the  bellows  of  the  Chinese,  we  perceive  the  characteristic  ingenuin 
and  originali^of  that  people's  invenuons.  A  description  and  figure  of  their 
bellows  were  published  in  London,  1757,  by  Mr.  Chambcro,  in  a  work  en- 
titled "  Designs  c^  Chinese  Buildings,  Furniture,  Dresses,  Machines  and 
Uisnnls,  from  drawings  made  in  China."  The  following  account  fnin 
the  fourth  volume  of  the  "  Chinesq  Repository,"  a  very  interesting  work 
published  at  Canton  in  China,  is  substantially  the  same.  "  The  bellnwB 
used  by  them  is  very  aptly  called  '  Fttng  Se&»g,  '  wind  box,'  and  is 
emoained  in  an  oblong  boK  about  two  feet  long,  ten  inches  high,  and  six 
inches  wide.  These  dimensions,  however,  vary  according  to  the  whim  of 
the  maker,  and  they  occur  from  eight  rnchei,  to  four  feet  or  more  in  length, 
and  so  of  the  widdi  and  height  The  annexed  profile  view  will  give 
•ame  idea  of  the  principle  upon  which  it  is  constructed." 
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"  A,  B,  C,  D,  i>  ft  box  divided  into  two  chamben  U  th«  lino  O  H.  la 
tb«  apper  one  is  di«  pUtou  E,  which  is  moved  backwards  and  tbrwards 
by  meatu  of  ibe  haudles  attacked  to  it;  and  is  made  to  fit  cloMly  hy 
'  *"  means  of  leather  or  paper. 

The  lid  of  the  box  slkle« 
upon  the  top,  and  is  sulE- 
jA     — —  I  M    j^        ciently  thick  to  allow  the 

1  H |a  Ip         workmanjo  labor  upon  it. 

L v^ti.  A  At   F  J    are    two    small 

)P  ^  holes  each  covered  with  a 

valve ;     and   just    below 
N^iii  B«i-rf.cu™B.ll««.  them,  atO  Hiii  thedivi- 

naa  of  the  two  chambers,  are  larger  holes,  for  the  entrance  of  tha 
wind  into  the  lower  chamber.  This  part  of  the  bellows  is  made  of  a 
thick  plank,  hollowed  into  an  ovoid  form,  and  is  about  an  inch  diick. 
The  clapper  G  is  fastened  to  the  back  side  of  the  box,  and  plays  hori' 
sontally  ag^nst  the  two  stops  placed  uear  the  month  I.  It  is  made  as 
high  as  the  chamber,  and  when  forced  against  the  stop,  it  entirely  closea 
the  passage  of  air  beyond.  When  the  piston  is  forcrd  inwards,  as  repre- 
sented in  the  cut,  the  valve  at  F  is  closed,  and  that  at  J  is  opened  ;  and 
dins  the  npper  chamber  is  constantly  Ailed  with  air.  The  wind  driven 
mto  the  lower  chamber  by  the  piston  urges  the  clapper  G  against  ih« 
Hop,  and  is  consequently  forced  out  at  the  mouth.  The  stream  of  air  is  unio* 
terrupted,  but  not  eqtiable,  though  in  the  large  ones  the  inequality  is  hardly 
perceived.  An  iron  tube  is  sometimes  attadied  to  the  mouth  which  leads 
to  the  tiimace,  and  in  other  cases  the  mouth  itself  is  mode  of  iron."  The 
Chinese  generally  use  them  in  an  inclined  or  horizontal  position,  trequently 
making  use  of  the  upper  side  as  a  work  bench.  In  the  figure  (and  th* 
one  given  by  Chambers)  two  rods  are  connected  to  the  piston  to  prevent 
it  from  springing  when  used  ;  this  appears  to  be  the  practice  witb  regard 
to  those  of  1^^  dimenuons.  In  small  ones  a  single  rod  is  sometimes  used, 
And  the  chamber  is  eylindrioal.  In  the  cotlecticm  of  M.  Benin,  (a  French 
miaistor  and  sooretary  of  state  in  the  former  part  of  the  last  century,) 
which  cmitwned  "about  400  original  drawings,  made  at  Pekin,  of  tha 
•rts  and  nMnufsctures  of  China  "  a  portable  and  nagU-actiag  bellows  is 
TapreMuted  as  in  the  next  figure.* 

"  This  instrument  la 
made  like  a  box  in 
which  is  a  piston,  so 
constructed  that  when 
k  is  drawn  out  behind, 
the  vacuum  which  it  oc- 
casions in  the  box  makes 
the  air  rush  in  with  great 
impetuosity  through  a 
lateral  opening,  to  which 
a  tucker  [a  valve]  is  af- 
]  fixed :  and  when  the  pis- 

i  ton  returns  in  an  iavene 

'        _       ...  direction,     the     sucker 
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CUnese  bellowa  to  die  Goropean  one,  he  said  it  waa  more  commodiotu 
nod  efBcient,^  It  is  employed  to  Bome  extent  in  Java,  having  been  Intro* 
dvced  from  China.* 

Since  the  preceding  remarka  were  written,  we  have  examined  two 
bellowa  trom  China,  in  the  aplendid  "  Chinese  Collection"  in  Philadelphia. 
One  of  them  belonged  to  a  traveling  blacksmith.  It  is  formed  of  a  cylin- 
drical joint  of  bamW>,  3}  feet  m  length,  and  between  fire  and  six  inchea 
diameter.  The  piston  rod  is  a  wire  {  or  |  of  an  inch  thick,  with  a  small 
eimlet  handle.  Air  is  admitted  throogh  a  dniter  of  five  or  six  small  hol«a 
a  each  end,  which  are  covered  in  the  inside  by  paper  flapa :  these  are  tba 
induction  valves,  marked  J  F  in  No.  1I£.  Along  one  aide  of  the  bellows 
a  atrip  of  wood  S^  inchea  wide  and  1}  thick,  ia  secured  by  what  appeara 
to  be  eieht  anuJl  diumb  screwa,  and  the  juncdan  made  tight  by  cement  or 
wax ;  this  projecdng  |Hece  resembles  those  on  the  aides  of  high  preasnrs 
steam-engine  cylinders,  and  is  intended  for  a  aomewhat  similar  purpose,  its 
interior  being  hollowed  into  a  paaaaee  for  the  wind  when  expelled  by  the 
piston  from  either  end  of  the  cylinder.  A  short  metallic  tabe  conveys 
the  wind  from  the  middle  of  this  piece  to  the  furnace  as  in  No.  112.  The 
ends  of  the  bellows  are  secured  from  splitting  by  two  thin  and  narrow 
iron  hoopB,  and  at  one  place  a  small  clamp  is  driven  across  a  crack,  as  t» 
Bometimea  practiced  b  mending  wooden  bowla.  The  instrument  reaem- 
bles  the  one  in  the  last  figure,  but  ia  double  actinsi  the  figure  of  the  amst 
■cMmpanying  it  is  seated  on  the  grotind  and  woiHka  it  with  one  hand  while 
be  attends  the  fire  with  the  other. 

The  other  bellowa  consiati  of  a  long  box  like  the  one  figured  at  No.  1 12, 
From  the  circumstance  of  ita  not  being  confined  in  a  glaaa  case,  and  pei^ 
mission  to  examine  ita  interior  having  been  politely  accorded,  we  had  an 
oppomimty  of  ascertaining  some  particulars  that  are  not  mentioned  in  any 
pttblished  account  of  these  instruments' that  haa  fallen  in  our  way.  It  IS 
twenty-two  inches  long,  seven  deep,  and  five  wide,  made  of  thm  boards 
of  a  species  of  fir  and  extremely  li^t :  the  sidea  and  ends  are  dovetailed 
together ;  and  the  bottom  appeared  to  be  intended  to  slide  over  the  sides, 
baring  atripa  projecting  from  it  and  no  pins  or  naila  visible  ;  this  arrange- 
ment enables  a  person  to  examine  the  interior,  and  to  replace  or  repair  tne 
valves.  Sec  widi  great  facility.  The  boards  of  which  the  machine  is  mado 
■re  of  a  unilerm  thickness  (about  f  of  an  inch)  except  the  top,  which  is 
1}  inches.  The  reason  for  this  extra  thickness  was  perceived  as  aeon  as 
it  was  removed,  (it  waa  secured  to  the  aides  and  ends  by  long  wooden 
pins,]  for  a  deep  and  wide  groove  is  made  through  ita  whole  lengdi  with 
the  exception  of  J  of  an  inch  at  each  end,  and  at  die  middle  of  the  groove 
a  passage  is  cut  at  right  angles  to  it  through  one  side  for  the  air  to  pass 
into  the  tuyere.  Upon  the  removal  of  this  thick  cover,  the  inside  of  the 
box  was  not  exposed,  for  another  thin  one  was  fiiund  inserted  within  the 
ndea,  and  flush  with  their  edges.  Thia  was  a  board  slipped  between  the 
aides  and  resting  upon  the  upper  edge  of  the  piston,  having  two  openings, 
one  at  each  end,  which  coincided  with  the  groove  in  the  outer  cover,  (the 
inner  cover  is  represented  by  the  line  H  O  in  No.  IIS ;)  hence  the  wind 
is  driven  by  the  piston  alternately  through  each  opening  into  the  groove, 
and  by  the  action  of  the  valve  in  the  middle  of  the  latter,  ia  compelled 
to  peas  into  the  tuyere.  This  valve  is  represented  at  G  in  No.  113, 
and  fram  an  inspection  of  that  cut,  it  will  be  apparent  that  some  eontri- 
ranoe  of  the  kind  is  absolutely  necessary,  in  ot^ler  to  prevent  the  wind 
when  forced  from  one  end  of  Qie  bellows,  from  passing  along  die  groova 
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into  dte  other  end :  it  eonnita  of  &  narrow  piece  tit  hard  wood  of  the  aams 
depth  as  the  groove,  and  of  a  length  that  rather  exceeds  the  widdi  of 
the  groove.  A  hole  is  drilled  through  one  end  and  a  pin  driven  through 
it  into  the  soUd  part  of  die  cover,  so  that  it  turns  freely  on  this  pin,  aul 
closes  and  opens  a  passage  for  the  escape  of  the  wind  into  ihe  tuyere.  It 
is  driven  by  tho  wind  at  every  sOoke  of  the  piston  agaiitst  the  opposite 
check  of  tho  groove,  and  thus  prevents  the  wind  from  pasnng  into  the 
other  end  of  the  cylinder,  as  shown  at  G  in  No.  IIS.  It  is  surprising  how 
easily  this  valvo  plays  although  its  upper  and  lower  edges  rub  against  the 
surfaces  of  the  two  oovers^a  trifling  moveioMit  of  the  piston  drives  it 
•gainst  the  cheek,  and  occasions  a  snapping  sound  somewhat  liko  that 
irom  the  contact  of  metal. 

When  the  inner  cover  was  raised  out  of  its  place,  the  [uston  and  indoo- 
tion  valves  were  exposed  to  view,  and  the  simplicity  and  efficiency  of 
tbese  parts  were  in  keeping  with  the  rest :  the  two  valves  are  mere  fiaps 
of  paper,  glued  at  their  lotoer  edges  to  the  under  side  of  the  openings, 
and  hence  thev  stand  nearly  perpendicular,  instead  of  being  suBpended  from 
above  ;  the  slightest  impulse  of  air  closed  them.  The  piston  is  half  an 
inch  thick,  but  is  reduced  at  the  edges  to  a  quarter  of  one  ;  it  appeara  to 
he  formed  of  two  thin  pieces  which,  united,  are  equal  in  thickness  to  that 
mentioned ;  and  between  them  are  inserted  two  small  sheets  of  moderately 
stiff  paper,  which  project  an  inch  over  every  side.  The  pan  that  pro- 
jects 18  folded  at  the  comers  and  turned  over  the  edges  of  the  piston ; 
one  sheet  being  turned  one  way,  and  the  other  the  contrary,  so  that  when 
the  piston  is  moved,  the  air  presses  the  paper  against  the  sides  of  the  bel- 
lows and  renders  the  piston  perfectly  tight,  on  the  same  principle  as  the 
double  cupped  leathers  of  fire-engines  and  other  forcing-pumpa ;  and  at 
the  same  time  without  any  perceptible  increase  of  friction.  The  two  pis- 
ton rods  are  half  inch  square,  and  work  through  holes  in  one  end  of  the 
box  without  uiy  snifSng-box.  The  whole  roochine  is  of  wood,  except 
the  paper  for  the  piston  and  valves.  Although  the  instrument  appears  ID 
be  a  Rcttingular  box,  it  is  not  exactly  so,  the  bottom  being  a  little  wider 
than  the  top. 

It  would  be  superfluous  to  point  out  the  implication  of  pisttm  bellows  to 
raise  water,  since  they  are  perfect  models  of  our  atmospheric  and  forcing 
pumps.     Why,  then,  it  may  be  asked  are  not  the  Chinese  found  in  the 

fissession  of  the  latter  1  In  reply  to  this  question,  it  may  bo  observed :  1. 
hot  from  our  imperfect  knowledge  of  the  people,  it  is  not  certain  that 
•nch  machines  have  not  been,  and  are  not  used  to  a  limited  extent  in  the 
interior  of  that  groat  empire.  2.  That  eiutom,  and  proboUy  expericnca, 
have  induced  them,  in  common  with  other  notions  of  the  OrieDtol  world, 
to  give  the  prefiirence  to  more  ample  devices — to  their  chuu  pump,  b«m> 
boo  wheel,  &c.,  a  preference  which  we  know  is  in  some  instances  based 
on  solid  grounds;  for  example,  the  chain  pump  as  used  by  them,  raise! 
more  water  with  the  same  unount  of  labor,  than  any  atmospheric  m'  forc- 
ing-pump, if  placed  under  the  same  circumstances.  And  as  for  the  noria 
or  bamboo  wheel,  which  driven  by  a  current,  raises  water  nigbt  and  day, 
asd  from  20  to  50  feet,  we  are  told  that  it  answers  die  purpose  "as  com- 
pletely as  the  most  complicated  European  machine  eould  do;  and  I  will 
answer  for  it  [says  Von  Braam]  that  it  does  not  occasion  an  expense  of 
teu  dollars."  3.  A  circumstance  connected  with  «ne  of  their  ancient  as  well 
as  modern  sc«nic  representatinns,  sbows  that  when  ibKfareiitg  or  spoutinr 
of  water  is  required,  their  artists  are  at  no  loss  for  devices  toeffert  it;  and 
that,  too,  under  very  unusual  circumst  ^        »  . 
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tatter  divim^  made  &  diapW  of  his  wealdi  and  productioiis,  racli  ai  di«< 
goas,  eleph&nu,  tigers,  eagles,  ostriches,  cheiuiut  and  pine  trees,  &o> 
The  Ocean,  on  the  other  hand,  collected  whales,  dolphins,  porpoises  and 


jeeu  were  representecT  hj  perfbrtnen  concealed  under  cloths,  and  who 
played  their  parts  admirably.  The  two  BMemblases  of  productions,  ter- 
restrial and  marine,  made  the  tour  of  the  stage,  and  then  opened  right  and 
placed  it!  '"    ' 


_:>  leare  room  for  an  immense  whalo,  which  placed  itself  directly 

before  the  emperor,  and  ipotited  out  tcDtral  hogjund*  of  xeaUr,  which 
uundated  the  spectators  who  were  in  the  pic."*  As  both  the  water  and 
forcing  apparatus  were  contained  within  tnc  moving  figure,  wo  can  only 
■magine  ttie  jets  to  have  been  prodnced  by  means  of  piston  or  bellows 
forcmg-pumps,  or  something  analogous  to  them — or  by  air  condensed  in 
one  or  more  vessels  contaimng  water,  like  soda  fountains.  4.  If  CluneM 
lada  never  discovered  a  source  of  amusement  in  the  application  of  their 
bellows  (some  of  which  are  only  tight  inthe»  long)  as  squtrts  or  pumpa, 
they  must  differ  essenlially  from  lads  of  other  nations — a  position  that  iew 
judges  of  human  nature  would  admit.  Boys  are  the  same  in  aU  age«,  and 
the  mischievous  youngsters  of  the  Celestial  Empire  have  doubtleu 
ofien  derived  as  much  pleasure  from  annoyiug  one  another  with  water 
ejected  from  these  implements,  as  those  of  Europe  and  this  oouotry  do 
with  similar  devices.  Such  an  appltoBiion  of  them  waa  sure  Xa  be  found 
out  by  boys,  if  by  no  one  else,  whether  the  bellows-pump  originated 
in  this  manner  or  not,  may  be  unoertsin,  but  several  useful  discoveries 
have  been  brought  to  light  in  much  the  same  way  :  it  was  a  youth  who 
changed  the  whole  <d)anu;tor  of  the  steom-engioe,  by  giving  it  tnat  featura 
upon  which  its  general  ntili^  depends — hia  ingenm^,  stimulated  by  % 
love  of  play,  rendered  it  self-acting. 

The  antiquity  of  the  Chinese  bellows  is  a  subject  of  much  interest  It 
may  have  been  the  instrumeiit  which  Anacharsia  introduced  into  Greece,  it 
having,  perhaps,  been  employed  by  his  countrymen,  the  ancient  Scythians^ 
as  well  as  by  their  descendants,  the  modem  Tartars.  If  it  has  been  in 
UBC,  as  supposed,  from  times  anterior  to  Grecian  and  Roman  eras,  the 
origin  of  the  pump  in  the  second  century  6.  C.  can  hardly  be  sustained; 
for  when  the  mduction  valves  of  one  of  these  bellows  are  placed  in  water, 
(as  we  suppose  has  occasionally  been  done  ever  since  its  invention,)  it  is 
dien  the  "  water  forcer"  of  Ctcsibius ;  and  if  pipes  be  connected  to  F  and 
J,  (No.  113,)  and  their  orifices  placed  in  a  liquid,  the  apparatus  becomes 
die  double  acting  pump  of  La  Hire.  Bat  what  may  be  surprising  to  some 
persons,  its  construction  is  identical  with  that  of  die  Bieam-engine ;  for  let 
It  be  furnished  with  a  crank  and  fly  wheel  to  regulate  the  movements  of 
its  piston,  and  with  apparanu  to  open  and  close  its  valves,  then  admit 
steam  through  its  noxzle,  and  it  becomes  the  double  acting  engine  of  Boul- 
ton  and  Watt.  Again,  connect  its  induction  orifices  to  a  receiver,  and  it 
becomes  an  exbaoating  air-pump;  apply  its  nozsle  to  the  same  vessel,  and 
it  is  a  condensing  one.  The  most  perfect  blowing  machine,  and  the  chrf 
iceui»t  of  modem  modifications  of  the  pump,  are  also  its  &c-Rmi[es. 

It  would  seem  that  the  Chinese  have  otl^r  kinds  of  bellows,  or  difier- 
ant  modes  of  working  these.  Bclf,  in  bis  account  of  the  Russian  embassy 
in  17S0,  says  that  he  was  lodged  in  a  village  twelve  miles  from  Pekin  m 
a  cook's  house,  which  gave  him  an  opportunity  of  observing  the  customs  of 
tiie  people  even  on  trifling  occasions :  "  iS.y  landlord,"  he  observes,  "  be- 
ing m  his  shop,  1  paid  him  a  visit,  whero  I  found  sis  kettles  placed  in  \ 
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row  on  fiunacet,  faariag  a  aepuate  opetdng  under  each  of  tliem  for  le- 
ceiviiiG^  the  fiiel,  whii^  coiuuted  of  e.  few  mull  sticlu  and  Kraw.  On 
Am  pulling  a  ihimg,  he  blew  a  pair  of  bellows  which  made  bU  his  kettles 
boil  in  a  very  short  tiine."^  Like  other  Anatics,  the  Chinese  hare  proba- 
blv  a  raricty  of  these  instruments.  The  Tan,  or  winnowing  machine, 
which  we  have  received  from  them,  is  a  rotary  bellows.  See  page  70 
of  this  volume. 

Various  rotary  bellows  are  described  by  Agricola,  as  employed  m  the 
wentilanon  of  mines,  and  worited  by  men  with  cranks,  and  in  one  instance 
by  a  horse  treading  on  the  periphery  of  a  wheel.'  Rotary  blowing 
machines  hare  been  represented  as  of  more  recent  origin,  but  they  are  in 
all  probabili^  of  great  antiouity.  The  Spaniards  intn>duced  them  into 
Peru  as  early  as  1545,  to  reauce  the  silver  ores,  but  they  were  soon  aban> 
doned.*     For  rotai^  pumps,  see  a  subsequent  chapter  of  this  bot^ 

We  are  indebted  for  some  interesting  information  respecting  the  arts  of 
various  islanders  of  the  Indian  ocean  to  Mr,  William  Clark  of  Philadel- 
phia, who,  besides  spending  several  years  in  whaling  voyiges,  resided 
two  years  in  Southern  Africa.    The  vessel  to  which  he  was  attached  hav- 
ing on  one   occanon  touched   on  the  coast  of  Madagascar,  scHne   nativ« 
uniths  were  found  using  bellows  that  excited  particular  attention ;  some     ■ 
were  cylindrical,  being  formed  of  bored  logs,  others  were  square  trunks, 
five  or  six  inches  in  diameter,  and  about  fivo  feet  long ;  but  the  internal 
construction  of  both  was  the  same.     The  ship's  carpenter  was  peruutied 
to  open  one.     It  was  composed  of  four  planks  that  had  been  split  from 
trees,  the  Insidei  shaved  smooth  and  straight,  and  the  whole  put  together 
with  wooden  pins  instead  of  nails  or  screws.     It  was  divided  into  two 
parts  by  a  partition  or  disk,  which  was  pennanentty  secured  in  its  place, 
(shown  at  A  in  the  anne^ced  cut,)  where,  like  a  piston,  it  occupied  the 
entire  space  across.  On  one  side  of  the  trunk,  and 
opposite  the  edge  of  A,  an  opening  was  made  lor 
the  insertion  of  the  tube  C  that  conveyed  the  win^ 
to  the  fire,  the  edge  of  A  at  this  place  being  feather- 
ed, and  a  small   projecting  piece  added  to  it,   in 
order  to  direct  the  current  of  air  from  either  side 
of  the  partition  into  C.     An  opening  was  made  in 
the  centro  of  A,  through  which  a  smooth  piston 
rod  B,  played  ;  two  pistons  or  boards,  P  P,  accu- 
rately fitted  to  work  in  the  trunk,  were  attached 
on  opposite  aides  of  the  partition  to  B ;  these  pis- 
tons were  perforated,  and  the  openings  covered  by 
flaps  or  valves  like  those  of  a  common  pump  box, 
but  the  upper  one  was  secured  to  the  ttndir  side 
of  the  piston  as  shown  in  the  figure.      The  trunk 
rested  on  four  short  pieces  of  wood  pegged  to  it. 
In  some,  holes  were  made  at  the  lower  part  for 
the  admission  of  air.     These  bellows  were  there* 
foro  double  acting,  and  consequently  one  of  them 
was  equal  in  its  effects  to  two  of  those  represented 
at  No.  Ill,  which  drive  the  air  out  oiJy  on  the  de- 
scent of  the  piston,  whereas  these  forced  it  into  the 
fire  both  on  ascending   and    descending.      Thus, 
--  ■■'.   Dgsbbi  Acuif  Bd.     wfiB"  the  blower  raised  the  rod  B,  the  flap  on  the 
'  lower  piston  closed,  and  the  ur  in  that  division  of 
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the  WoUl  wm  expelled  Through  C  ;  at  tlie  aame  time  the  flap  of  the  npper 
piston  wu  opened  by  its  own  weight  and  the  air  passing  Uiroug;h  it,  ftnd 
on  the  descent  of  B  all  the  air  in  the  upper  pan  of  the  trunk  was  forced 
into  the  lire  in  like  ntanner;  hence  on  uninterrupted,  though  not  an  equable 
blast  of  wind  was  kept  up.  The  whole  apparatus  was  of  wood  except 
the  flapl,  which  were  pieces  of  green  hide  rendered  pliable  by  working 
them  in  the  hands ;  and  they  were  prevented  from  opening-  loo  for  by 
narrow  slips  of  the  ismo  material  pegged  over  them.  There  was  ito 
packing-  to  the  pistons,  but  they  were  moved  with  great  rapidity. 

These  bellows  are  different  from  those  desci-ibed  by  Dampier,  Sonnerat 
uid  Sllifl,  as  used  in  the  same  island  ;  but  they  serve  to  corroborate  a  re- 
mark that  has  been  made  by  several  travelers,  vis :  that  the  negroes  of 
Africa  are  in  possession  of  a  great  variety  of  those  instruments.  The  one 
above  described  is  a.  fine  specimen  of  their  ingenuity,  for  there  can  be  little 
doubt  that  it  is  original  with  them — it  evidently  is  not  derived  from  the 
double  acting  bellows  of  China,  nor  can  it  have  been  procured  from  Europe, 
■ince  nothing  of  the  kind  has,  we  believe,  ever  been  used  there.  It  is  the 
only  bellows  that  we  have  met  with  having  valves  in  die  pistonH, 

It  need  hardly  be  observed  that  double  yump*  have  been  made  on  the 
■ame  principle.  There  is  one  figured  by  Belidor  in  the  second  volume  of 
Us  Architecture  Hvdrauliaue,  which  diners  from  the  above  figure  only  in 
having  two  short  piston  rods  connected  together  by  a  frame  on  the  outude 
of  the  cylinder,  instead  of  one  long  one  working  through  the  didi. 

No  stronger  proofs  could  possibly  be  adduced  of  the  analogy  between 
pomps  and  bellows,  than  what  the  figures  in  this  and  the  preceomg  chapter 
afibrd. 

While  engaged  on  this  part  of  the  subject  we  were  induced  to  refer 
again  to  the  accounts  of  the  old  Mexicans  and  Peruvians,  in  hopes  of  find- 
ing some  indicadons  of  the  pnmp  in  the  iostniments  employed  to  urge  air 
into  their  fiimaces ;  but,  strange  as  it  will  appear  to  modem  mechanics,  they 
are  said  to  have  been  wholly  ignorant  of  the  bellows.  This,  if  true,  is  & 
very  singular  &Gt;  and,  considering  the  extent  to  which  they  practiced  the 
arts  of  metallurgy,  one  that  is  unexampled  in  the  history  of  the  world.  It 
appears,  moreover,  irreconcilable  with  the  opinion  of  their  oriental  origin; 
for  it  is  difficult  to  conceive  how  emigrants  or  descendants  of  emiEtantt 
from  Asia,  could  have  been  ignorant  of  this  simple  instrument  which  has 
been  used  in  one  form  or  another  on  that  continent  from  the  earliest  bmes, 
and  which  is  sdll  employed  by  the  rudest  tribes  there,  and  also  in  all  those 

Earts  whence  the  early  Feruvians  are  supposed  to  have  come.  The  bel- 
iWB  is  common  almost  as  the  hammer,  irom  the  peninsular  of  Malacca  to 
that  of  Katnpschaika,  and  from  the  Phillippine  islaDds  to  those  of  Japan. 
In  Africa,  too,  it  is  used  in  great  variety  and  by  people  whose  progress  in 
the  arts  is  far  behind  that  of  the  ancient  smiths  of  America. 

How  little  is  known  respecting  the  mechanical  implements  of  Mexican 
and  Pemvian  workmen  and  of  their  processes,  and  yet  but  three  centurie* 
have  elapsed  since  the  latter  were  in  full  operation  !  Wc  arc  not  aware 
that  a  single  tool  has  been  preserved,  much  less  their  modes  of  manufac- 
ture ;  nor  is  this  much  to  be  wondered  at  when  the  spirit  that  animated 
the  conquerors  is  conndered — it  was  the  acquisition  of  gold,  not  ihe  tools 
had  in  view ;  and  had  it  not  been 


lor  or  manner  of  working  it,  that  they  had  ii 
fer  the  prodigious  amount  of  bullion  which  they  found  worked  into  va- 
rious figures  and  utensils,  we  should  scarcelyhave  ever  heard  of  the  latter; 
and  yet  the  workmanship  on  some  of  them,  exceeded  the  value  of  the  metaL 
That  there  ore  errors  in.  die  accounts  of  early  writers  on  the  arts  and  ap- 
paratus of  old  American  mechanics  is  nnqaestionable,  and  among  thns 
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may  be  montiQiied  tliu  wKich  confined  the  materialB  of  their  cutting  in- 
■tniments  to  obsidian  and  other  stanea ;  Trhereas  it  is  now  certain  th&t 
tbey  had  chissls,  &c.  of  bronze  or  alloys  of  copper  and  tin ;  and  probably 
of  a  timilar  composition  to  those  of  Egyptian  workmen.  Ab  for  ocllows, 
h  was  no  easy  task  (supposing  it  had  been  undertaken  by  the  old  histo- 
rians of  Mexico  and  Peru)  to  determine  positively  that  they  were  vninoan 
throughout  those  extensive  countries.  To  ascertain  what  tools  were  and 
were  not  used,  required  something  more  than  a.  superficisl  knowledge  of 
the  people.  Before  a  stranger  ctfUld  speak  decidedly  on  the  subject  of 
bellows,  it  was  Dccessaiy  that  he  should  become  familiar  mth  their  modes 
of  working  the  metals,  by  frequently  visiting  them  in  their  workshops  and 
dwellings;  and,  from  an  intimate  knowledge  of  their  language,  making  '~ 
qniriea  respecting  the  tools  and  details  of  the  processes  adopted  by  artist 
of  discatit  tiibes ;  for  bellows  might  be  used  to  a  limited  extent  i 
country,  and  (from  variety  in  the  ores,  articles  manufactured  or  cu 
of  workmen)  not  at  all  in  another.  But  there  does  not  appear  to  have 
been  any  efforts  made  to  collect  information  of  this  kind  by  the  con- 
querors— its  value  was  not  appreciated  by  them  or  by  their  immediate 
successors,  and  hence  the  opportunity  was  neglected  and  could  never  be 
recalled ;  for  other  historians  agree  with  Clavigero,  that  the  wonderful 
arts  of  the  Mexican  and  Peruvian  founders  were  soon  loit,  "  by  the  de- 
basement of  the  Indians  and  the  indolent  neglect  of  the  Spaniards."  Even 
Chtrcilasso,  although  a  ikative  Indian,  by  his  mother's  side,  does  not  seem 
to  have  possessed  anv  particular  knowledge  on  the  subject  of  working  the 
metals ;  he  derived  uis  information  &om  Aeosta,  to  whoso  work  he  refers 
his  readers. 

But  what  are  the  proofs  that  bellows  were  unknown  to  the  subjects  of 
Manco  Cat>ec  and  Hotezuma  T  The  principal  one  is  derived  irom  their 
fiuingmeuii*  without  them:  they  kept  their  mmaces  in  blast,  it  is  alledged, 
by  the  breatli  if  a  number  of  men  who  blew  on  the  l\rce  through  tubes  of 
bamboo.  That  this  was  oflen  practiced  there  is  no  doubt,  and  that  it  was 
the  general  custom  is  admitted ;  but  it  does  not  therefore  follow  that  they 
had  no  contrivances  for  producing  artificial  blasts  :  this  will  appear  from 
the  practice  of  oriental  gold  and  silver  smiths,  both  of  ancient  and  modem 
dmes,  Thefusionof  gold  andsilver  with  blowing  tubes  is  a  device  of  remote 
antiquity,  and  like  all  ancient  customs  relating  to  the  useful  arts,  it  is  still 
practiced  by  the  Hindoos,  Malaya,  Ceylonese,  Persians  and  other  Asiatics  ; 
and  also  by  Egvptians  and  numerous  African  tribes.  The  g<ddsmiths  of 
Sumatra,  Mr.  Marsden  observes,  "in  general  km  no  hellouit,  out  blow  the 
fire  with  their  mouths  through  a  joint  of  bsmboo ;  and  if  the  quanti^  of 
metal  to  be  melted  is  considerable,  three  or  four  persons  sit  round  the  fur- 
nace, which  is  an  old  broken  kvxdi,  or  iron  pot,  and  blow  together :  at 
Podang  alone,  where  the  manufacture  is  more  considerable,  they  have 
adopted  the  Chinese  bellows."*  We  have  already  described  the  single 
and  also  a  double  acting  bellows  of  these  people ;  besides  which  they  have 
that  of  China,  and  yet  it  seems  that  all  the  working  goldsmiths  of  the  coun- 
tiy,  except  those  of  a  single  town,  still  melt  their  metal  as  the  Mexicsjia 
and  the  Peruvians  did  :  hence  the  mere  fact  of  the  old  smiths  of  these  con- 
tinents using  blowpipes  to  fuse  metal,  is  no  more  a  proof  of  their  igno- 
rvioe  of  bellows,  than  the  like  practice  is  of  modern  Asiatics  bemg  also 
ignorant  of  them. 

Nodiing  is  easier  Uian  to  err  respecting  a  knowledge  of  bellows  in  for- 
mer times,  by  inferences  drawn  from  the  use  of  blowpipes.    In  the  oldest 
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monuments  of  Egypt  (diOM  of  Beoi  Hasmui)  the  latter  ore  repreientcd  m 
the  remote  age  <n  OurtaMn,  1700  B.  C.  which  to  a.  superficial  observer 
Biigfat  lead  to  the  BUppoeitioD  that  the  former  were  then  unknown  ;  but  k 
cItMe  examinaUon  oi  Uie  aculptures  ahowa  the  faUucy  of  auch  a  conclusion, 
since  btowioe  tubea  are  also  figiired  longf  after  the  reign  of  'Ihothme^  in 
whose  dme  bellows  wore  certaiiJy  common.*  Again,  on  the  lati  day  of 
the  feast  of  Tabernacles,  th<i  Jewa  were  allowed  by  rabbiDical  prccepU 
to  light  one  fire  &om  another,  but  not  to  sttike  new  fire  from  Eton<^  or 
metal,  nor  to  quench  it,  although  to  save  their  goods,  "  nor  to  blow  it  with 
bellowcs,  but  with  a.  reede."^  Now  a  stranger,  bavins  an  imperfect  know- 
ledge of  Jewish  cufltoma,  upon  witnessing  Arcs  thus  blown  would,  in  Home 
parta  of  the  world,  be  very  apt  to  concluJe  that  they  had  no  bellows.  And 
again,  if  we  had  tMt  a  proof  that  our  domestic  bellows  was  known  to  dia 
Komana,  we  might  have  infetred  from  Pliny's  account  of  statuaries  and 
painters  representing  individuals  blowing  firea  with  their  mmi&b,  that  arti& 
cial  instrumeuta  for  the  purpose  were  then  unknown. 

Enough  may  be  gathered  from  early  writors  on  America  to  accouM 
for  bellows  not  being  employed  in  those  operations  in  which  they  would 
seem  to  have  been  most  required,  vis:  in  smelling  of  metala.  Aucurdinjj 
to  Acosta,  some  orea  could  not  be  reduced. by  boUowa,  but  oiilv  l>v  air 
furnaces.  Garulaaao,  in  the  last  chapter  of  the  eighth  book  of  h^H  Com- 
mentaries, makes  the  some  remark.  In  smelting  the  silver  oro  of  Potosi, 
he  says  the  Indians  used  neither  bellows  nor  blowing  tubes,  hut  a  natural 
wind,  which,  in  their  opinion,  was  the  best;  they  therefore  fused  the  or* 
in  anull  furnaces  placea  on  the  hills  in  the  night  time,  whenever  the  wind 
was  sufficient  for  the  purpose ;  and  it  was  a  plcaaoiit  sight,  he  observes, 
"  to  behold  eight,  ten,  or  twelve  thousand  of  diose  fires  v.  the  sanw  time, 
rsnged  in  order  upon  the  sides  of  the  mountains."  The  Spaniards  suspect- 
ing that  the  metal,  when  thus  difiuaed  among  a  great  number  of  hands, 
might  be  more  readily  purloined,  and  that  much  of  it  was  wasted  in  ao 
many  fires,  introduced  blast  furnaces,  the  fires  in  which  were  urged  "by 
Urge  beltowa,"  but  these  not  succeeding,  (the  blast  being  too  strong,)  they 
hod  recourse  to  rotary  bellows,  ("  engines  with  wheels,  carried  olwut  wiia 
saila  like  a  windmill  which  fanned  and  blowed  the  fire,")  but  these  aJaa 
failed  to  aecompliah  the  purpose,  "  so  that  the  Spaniards  despairing  of  iba 
success  of  M«r  inventions,  mixir  (ur  of  tAoie  wHei  tie  itdiatu  AarljiatHed 
and  conlrntd."  No  stronger  reason  could  be  adduced  why  the  bellowa 
was  not  previously  used  in  the  reduction  of  ores^ 

At  a  aubaeqnent  fusion  of  the  metal  in  their  dwellings,  the  workram 
(says  Garcilasso)  instead  of  bellows,  continued  to  use  blowing  tubes, 
"  though  our  [Spanishlinvention  of  bellows  is  much  more  easie  and  forci* 
ble  to  raise  the  fire."  Suppoaiiig  they  were  ignorant  of  beUovrs  before  the 
arrival  of  the  Spaniards,  here  is  a  proof  that  afWr  they  became  acijuiiinled 
with  these  instrumenta,  they  still  preferred  their  tubes,  as  the  gold  and 
nlver  smiths  of  A«&  genenlly  do  at  this  day ;  and  hence  the  use  of  such 
tubes  does  not  ihow,  aa  has  been  stated,  "  that  they  were  unacquainted 
with  the  use  of  bellows." 

If  there  was  nothing  bise  to  adduce  in  favor  of  the  old  Peruvians  being 
ac(]uainted  with  bellows,  or  with  the  pnuciple  of  their  construcuon  and  ap- 
pticstion,  than  the  balsas  or  blown  floats  which  their  fishermen  and  thoso 
of  Chili  used  instead  of  boats,  we  should  deem  them  sufficient.  Theso 
were  large  bags  mode  ofakinsofthe  sea  wolf  and  filled  with  air.     They 

Wtlkinaoo'*  Hsnnsrs  and  CiutoiBa  «f  the  Aneiant  E^jpliaiH,  iiL  339.    *  Pgnfatf 
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were  "  to  well  sewed,  that  a  connderable  weight  could  not  force  any  of 
it  out."  They  carried  from  twelve  to  foorteen  hundred  pounds,  and  if  anjr 
air  escaped,  diere  were  two  leathern  pipes  throufh  which  the  fishermen 
"blow  into  the  boga  when  there  is  occasion."  Frezier's  Voyage  to  tlw 
Sonlh  Seai,  pa^  12t.  These  were  real  bellows,  only  apphed  to  another 
puqiose.  Had  they  not  been  found  leas  efficient  or  less  economical  than 
blowing  tubes,  they  would  doubtless  have  been  used  ns  substitutei  for  the 
latter  in  the  fusion  and  reducOon  of  orci.  It  may  here  be  noticed  as  a 
singular  fact,  and  one  which  may  possibly  have  reieTence  to  bellows,  that 
Quftznlcoall,  the  Mexican  God  of  the  air  or  wind,  was  also  the  Vulcui 
of  all  the  nations  of  Anahuac. 

Both  Mexicans  and  Peruvians  were  accustomed  from  their  youth  to  use 
blowing  tubes,  for  the  primitive  air  gun,  through  which  to  shoot  arrows 
and  other  missiles  by  tho  breath,  was  universally  used,  and  the  practice 
is  still  kept  up  by  their  descendants.  Motezuma,  in  his  first  interview 
with  Cortez,  shrewdly  compared  the  Spanish  guns,  as  tubes  of  unknown 
metal,  to  the  Marbaauu  of  his  countrymeo.  From  the  expertness  acquired 
by  the  constant  en\ployment  of  these  instruments  in  killing  game,  it  was 
natural  enough  to  use  uiem  instead  of  bellows  to  increane  the  heat  of  their 
fiimaees,  and  custom  rendered  them  very  efficient. 

We  have  prolonged  our  remaiks  on  this  subject  because  it  has  been 
concluded  that  remains  of  tiimaces,  found  far  below  the  sur&ce  in  van«ms 
parts  of  this  continent  and  in  reg;ionB  abounding  with  iron,  could  never 
have  been  employed  in  reducing  that  metal ;  for  in  those  remote  ages  in 
which  such  furnaces  were  in  acuon,  tho  bellows,  it  is  said,  was  UHlaioum; 
a  position  that  we  think  untenable,  and  quite  irreconcilable  with  the 
advanced  slate  of  metallurgy  in  those  times. 

Before  leaving  the  subject  of  bellows  and  bellows  pumps,  ^re  may  re- 
mark that  numerous  illustrations  of  the  latter  may  be  found  in  the  natural 
world.  To  an  industrious  inveatig&tor,  the  animal  kingdom  would  furnish 
an  emUett  variety,  for  every  organized  being  is  composed  of  tubes  and 
of  hquids  urged  through  them.  The  contrivances  by  which  the  latter  is 
accomplished  may  be  considered  among  the  prominent  features  in  die 
mechanism  of  amraats ;  and  although  modified  to  infinitude,  one  general 
principle  pervades  the  whole;  this  is  the  diitentioH  and  ronlractiim  of 
aexibie  vessels  or  reservoirs  in  which  fluids  are  accumulated  and  driven 
dirough  the  system.  On  the  regular  function  of  these  organs  the  neces- 
sary motjons  of  Hfe  chiefiy  depend ;  by  them  urine  is  expelled  from  the 
bladder,  blood  from  the  heart,  breath  from  the  lungs.  Ice. ;  they  ore  natural 
bellows  pumps,  while  other  devices  of  the  Divine  Mechanician  resemble 
■yringea  or  piston  pumps. 

The  whale  spouts  water  with  a  bellows  pump,  and  in  streams  compared 
with  which  the  jet  from  one  of  our  fire-engines  is  child's  play.  His  blow- 
ing apparatus  consists  of  two  large  membranous  sacs;  elastic  and  capable 
of  being  collapsed  with  great  force.  They  ere  connected  with  two  oony 
canals  or  tubes  whose  orifices  are  closed  by  a  valve  in  the  form  of  two 
semicircles,  similar  to  those  known  to  pump  makers  as  butterfly  valves. 
When  the  animal  spouts,  he  forcibly  compresses  the  bags,  already  filled 
with  water,  and  sends  forth  volumes  of  it  to  the  height  of  40  or  50  feet 
The  roaring  noise  that  accompanies  this  ejection  of  the  liquid  is  heard  at » 
eotuiderable  distance,  and  is  one  of  the  means  by  which  whalers,  in  fog^ 
weather,  are  directed  to  their  prey.  The  proboscis  of  the  elephant  is 
aometimeB  u»ed  u  &  hose  pipe,  through  which  he  plays  a  stream  m  every 
direction  by  the  pump  in  his  chesL  Numerous  insects  that  live  in  water 
move  their  bodies  by  the  reocbon  of  that  liquid  oa  siraama  they  eject  irom 
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their  bodies :  ojaten  and  xmie  other  ihell  fiah  move  in  thia  manner.  My- 
mda  of  marine  animala  also  ascend  and  descend  in  their  native  element  by 
means  of  forcing  pumps  :  when  about  to  dive,  they  admit  water  into  cer- 
tain receptacles,  and  in  such  quantities  as  to  render  their  bodies  sped*' 
ficaUy  heavier  than  the  fluid  they  float  in ;  and  when  they  wish  to  ascend, 
they  pump  out  the  water  which  carried  them  down. 

That  expert  gunner,  the  jaculator  fish,  shoota  his  prey  with  pellets  or 
globules  o1  water  as  from  a  piston  pump.  When  an  insect  hovers  near  or 
rests  on  some  aquatic  plant  within  Ave  or  six  feet  of  him,  he  shoots  from 
his  tubular  snout  a  drop  of  water,  and  with  so  "  sure  an  aim  as  generally 
to  lay  it  dead."  The  habit  of  ejecting  aaliva,  which  some  persons  ao- 
quire,  is  by  meiking  a  pump  of  the  mouth  and  a  piston  of  uie  tongue. 
Other  a-nirriBlB  practice  the  satna ;  thus  the  llama  of  Chili  and  Peru,  when 
irritated,  "  ejects  its  saliva  to  a  considerable  distance" — Frezier  says  ten 
paces,  ar  thir^  feet     The  spurting  snalce  of  Southern  Africa,  it  is  said, 

jecta  its  poison  into  the  eyes  of  those  who  attack  it  with  unerring  aim. 

'he  tongue  of  the  lamprey  moves  backwards  and  forwards  like  a  piston, 
and  prodnees  that  tuetion  which  distinguishes  dtis  animal  and  others  of  the 
same  family.  The  sting  of  some  insects,  that  of  the  bee,  for  example,  ia 
a  very  cotnplex  apparatus,  consisting  of  a  lancet  with  its  sheath,  to  pene- 
trate the  bodies  of  their  enemies ;  first  acting  as  a  trocar  and  caaular,  and 
then  as  a  pump  to  force  poison  into  the  wound — '*  an  awl  Co  bore  a  hole, 
[says  Paley,]  and  a  syringe  to  inject  the  fluid." 

It  perhaps  may  be  supposed  from  the  Jbnn  of  common  pumps,  that 
there  is  litue  resemblance  between  them  and  these  natural  machines,  but 
it  should  be  remembered  that  thia  form  is  purely  arbitraiy,  (they  are,  u 
we  have  already  seen,  sometimes  made  of  flexible  matensls,  and  alter- 
nately  dilated  and  collapsed  like  die  chests  of  animals.)  The  general 
custom  of  making  them  of  hollow  cylinders  and  of  inflexible  materials^ 
arose  from  experience  having  proved  that  when  thus  made,  they  are  more 
durable  and  leas  liable  to  derangement  than  any  oihen  dnt  have  yet  been 
devised. 

The  circulation  of  the  blood  in  man  and  other  animals  is  eSeeted  by 
apparatus  strikingly  analogous  to  sucking  and  forcing  bellows  pumps.  The 
heart  is  one  of  these— the  arteries  are  its  forcing,  the  veins  its  suction 
pipes,  and  both  pump  and  pipes  are  furnished  with  the  most  perfect 
vdves.  By  contracdon,  this  wonderful  machine  forces  the  blood  throu^ 
the  former  to  the  uttennost  parts  of  the  system  ;  and  by  distension,  draws 
It  back  through  the  latter.*  They  vary  in  dimensions  a«  in  construcdon. 
Some  are  adapted  to  the  bodies  of  animals  so  minute  asto  be  impercej^ 
tible  to  unaided  vision,  and  from  diese  to  others  of  every  sise  up  to  the 
huge  leviathan  of  the  deep.  The  aorta  of  the  whale,  says  Paley,  "is 
larger  in  the  bore  than  the  main  pipe  of  the  water-works  at  London 
bridge ;  and  the  water  roaring  in  its  passage  through  that  pipe,  is  inferior- 
in  impetus  and  velocity  to  the  blood  rushing  from  the  whale's  heart." 

Every  human  being  may  be  considered  as,  nay  is,  a  living  pump.  }£a 
body  is  wholly  made  up  of  it,  of  the  tubes  belonging  to  it,  and  the  Uqnii] 
moved  by  it — with  such  additions  as  are  required  to  communicate  the  ne- 
cessary  motion  and  protect  it  from  injury.  Health,  life  itself,  eveiy  diing, 
depends  upon  keeping  it  in  order.    If  one  of  its  forcing  pipes,  (an  arteiyj 


ired,  we  bleed  to  death ;  are  any  of  its  sucking  tubes  (the  veins] 
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dioked,  the  paita  anmiid  them  become  diieued,  like  uerile  land  for  want 
of  nourUhroent ;  does  the  pump  itoelf  itop  workmg,  we  itutantly  die.  The 
ngularity  and  irreguWitv  of  its  motioiw  are  indicued  by  the  pake,  which 
hu  always  been  adopted  ac  the  unerring  criterion  of  health  aikd  diaeaoe, 
or  a*  an  engineer  would  uy,  the  number  of  its  strokei  per  minute,  is  the 
proof  of  itt  state  whether  in  good  or  bad  working  order.  The  pulse  not 
only  indicates  incidental  disorders  in  this  hydraulic  machine,  but  is  a  crite- 
rion of  its  age,  as  well  as  of  its  constant  condition :  the  moTements  are 
strong  and  uniform  in  youth,  feeble  and  uncertain  in  sickness  and  age,  and 
as  the  machme  wears  out  and  the  period  of  its  labor  approaches,  its  strokes 
at  last  cease  and  iw  vibratlone  arc  then  silent  for  ever. 

What  mechanic  can  contemplate  this  surprising  machine  without  being 
electrified  with  astonishment  that  it  should  last  so  long  as  it  does  in  some 
people  !  Formed  of  materials  so  easily  injured,  and  connected  with  tubes 
of  the  most  delicate  texture,  whose  ramifications  are  loo  complex  to  be 
traced,  their  numbers  too  p^UL  to  be  counted,  and  many  of  them  too  mi- 
nute to  be  perceived,  and  the  orifices  of  all  Aimished  widt  elaborate  ralves ; 
that  such  complicated  machinery  should  continue  incessantly  in  motion, 
''^Vi  eighty,  and  a  hundred  years,  not  only  without  our  aid,  but  in  spite 
of  oDstructions  that  are  daily  thrown  in  its  way,  is  as  inexplicable  and  mys- 
terious as  the  power  that  impels  it. 

Few  classes  of  men  are  more  interested  in  studying  natural  history,  and 
particularly  the  structure,  habits,  and  movements  of  atiimpla,  than  mechan- 
ics ;  and  none  can  reap  a  richer  reward  for  the  time  and  labor  expended 
upon  it  It  presents  to  rhe  studious  inquirer  sources  of  mechanical  com- 
binations and  morements  so  varied,  so  perfect,  so  novel,  and  such  as  are 
adapted  to  eveir  possible  contingency,  as  to  excite  emotions  of  surprise 
diat  they  should  have  been  so  long  neglected.  There  is  no  doubt  that 
•everal  modem  discoveries  in  pueumaiics,  hvdnulica,  hydrostadcs,  optica, 
Tnechanics,  and  even  of  chemistry,  mi^t  have  beMi  anticipated  by  the 
■tody  of  this  department  of  sdence.  <X  this  truth  examples  might  lie  ad- 
duced  from  every  art,  and  from  eveiy  branch  of  engineering :  the  flexible 
water-mains  (composed  of  iron  tubes  united  by  «  speeiBS  of  ball  and  socket 
joint)  by  which  Watt  conveyed  fresh  water  under  the  river  Clyde  were 
mggested  by  the  mechanism  of  a  lobtter'»  taU — the  process  of  tunneling 
by  which  Brunei  has  formed  a  passage  under  the  Ttuunes  occurred  to  him 
b^  witnessinz  the  operations  of  the  TWtdo,  a  testaceous  toorm  covered 
with  a  cylin<&ical  shell,  which  eats  its  way  through  die  hardest  wood — 
and  Smeaton,  in  seeking  the  form  beet  adapted  to  impart  stability  to  the 
li^t-honse  on  the  Eddystone  rocks,  imitated  the  contour  of  the  bole  of  k 

■  tree.  The  fishermen's  Doats  of  Europe,  adapted  to  endure  the  roughest 
weather,  are  the  very  model  of  those  formed  for  her  progeny  by  the  fe- 
male gimt ;  "  elevated  and  narrow  at  each  end,  and  broad  and  depressed 

■  at  die  middle" — the  beaver  when  buildiiu 
examples  with  wHoh  vohimM  might  be  fi 
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The  earlieBt  machme  conBiidng  of  a  cylinder  and  inaton  that  was  ex- 
pressly deugned  to  force  liquids  was  probably  the  tyringe,  an  instrament 
of  very  high  antiquity :  see  its  figure  in  the  foreground  of  the  next  illuBtra- 
ijon.  To  the  closed  end  a  short  conical  pipe  is  attached  whose  dimensions 
are  adapted  to  the  pardculBr  purpose  for  which  the  instrument  is  to  be 
osed.  The  piston  is  solid  and  covered  with  a  piece  of  soft  leather,  hemp, 
woollen  listing,  or  any  iimilor  substance  that  readily  imbibes  moisture,  m 
order  to  prevent  air  or  water  from  pasBing  between  it  and  the  ludea  of  the 
cylinder.  When  the  end  of  the  pipe  is  placed  in  a  liquid  and  the  piston 
dra.wn  back,  the  atmosphere  drives  the  liquid  into  the  cylinder;  whence  it 
is  expelled  through  the  some  onGce  by  pushing  the  piston  down  :  in  the 
former  case  the  syringe  acts  as  a  suckmg  pump  ;  in  tLe  latter  as  a  forcing 
one.  They  are  chieny  employed  in  surgical  operations,  for  which  they 
are  made  of  vaiions  dimensions — from  the  size  of  a  quart  bottle  to  that  of 
a  quill.  They  are  formed  of  silver,  brass,  pewter,  glass,  and  sometimes 
of  wood.  For  some  purposes  the  small  pipe  is  dispensed  with,  the  end 
of  the  cylinder  being  closed  by  a  perforated  plate,  as  in  those  insffuments 
vith  which  gardenera  syringe  their  plants. 

It  has  been  ssid  that  the  synnge  was  invented  by  Ctesibius,  being  the 
result  of  his  first  essays  in  devising  or  improving  the  pump ;  but  such 
oonld  net  have  been  its  origin,  since  it  is  mendoned  by  philosophers  who 
flourished  centuries  before  nim.  It  was  known  to  Theophrastus,  Anaxa- 
gOTM,  Demociitus,  Leucippus,  Aristotle,  and  their  pupils :  to  the  rushing 
of  water  into  it  when  die  piston  was  drawn  up,  these  philosophers  ap 
pealed  to  illustrate  their  opposite  views  respecting  the  couoe  of  the  liquid's 
asceW,  some  contending  uiat  it  proved  xha  existence  of  a  vacuum,  others 
d»lf  U  did  not.  To  thu  ancient  application  of  the  syringe,  most  of  the 
early  writers  on  atmospheric  pressure  allude.*  "  It  ia  pretty  strange  [ob- 
serves Desaguliers]  that  the  ancients,  who  were  no  strangers  to  the  nature 
of  winds,  and  knew  a  great  deal  of  their  force,  were  yet  entirely  ignorant 
of  the  weight  and  perpendicular  pressure  of  the  air.  This  is  evident,  be- 
cause they  attribute  the  cause  of  water  rising  tu)  in  pumps,  or  any  liquors 
being  drawn  up  into  syringes  f  commonly  caJleii  lyplumt  on  that  account, 
wlule  pumps  were  caU'd  Buckinx-pumps)  to  nature's  abhorrenoe  of  &  v^ 
onum ;  saymg,  tlutt  it  611'd  up  wita  water  die  pipes  of  pumps  under  tha 
moving  buckM  or  ptstoo,  richer  than  suffer  any  emp^  space.  The  syringa 
was  in  use,  and  tus  notion  ooncerning  its  spcdon  obiain'd  itmg  b^on 
Cwnbiua,  dM  son  of  a  barber  at  Alexandria,  invented  the  pump."^ 


I.  Philos.  vd.  ii,  249. 
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There  is  reason  to  believe  that  the  syrtn^  wu  employed  fay  the  Egyp- 
tians in  the  proceM  of  embalming.  In  ruious  transladouB  of  the  account 
given  by  Herodotus  {Euterpe,  87)  it  is  expressly  named:  "They  fill  a 
syringe  with  genne  of  cedsr  wood  and  inject  iL""  Dr.  Rees,  in  hia  edi- 
tion of  Chambers'  DictioDBry,  (Art.  Embalming,]  uses  the  terms  "  infusing 
by  a  syringe,"  and  "  syringing  a  liquid,"  &c.  The  least  expensive  mode 
of  embalming  was  "  infusing  by  a  syringe  a.  certain  liquid  extracted  from 
the  cedar."^  Beloe,  in  his  transIaUon,  does  not  indicate  the  instrument 
used — they  "  inject  an  unguent  made  from  the  cedar."  As  clysters  origi- 
nated in  Kgypl,  and  were  used  monthly  by  the  inhabitants  as  a  preservar 
dve  of  health,  (Herod,  il,  77,)  we  are  moat  probably  indebted  to  the  people 
of  that  country  for  the  syringe.  Had  it  been  a  Grecian  or  Roman  tnven- 
lion,  the  name  of  its  author  would  have  been  known,  for  from  its  utili^  and 
application  to  various  useful  purposes,  an  account  of  the  circumstances 
(wnnected  with  its  origin  was  as  worthy  of  preservation,  as  those  relating 
to  the  pump  or  any  omer  machine.  Suetomus  nses  the  term  "  clyster"  to 
denote  the  instrument  by  which  it  was  administered  ;  and  Celsns  by  it, 
refers  to  "a  little  pipe  or  squirt."  (Ainiworth.)  Hippocrates  and  the  elder 
Pliny  frequently  mention  clysters,  but  without  describing  distinctly  ths 
instrument  employed  :  the  latter  in  his  30lh  book,  cap.  7,  seems  to  refer 
to  the  common  pewter  syringe,  "  a»  inttrumaU  or  pipe  oftitt:"  this  is  at 
least  probable,  for  pewter,  according  to  Whittaker,  was  borrowed  from  the 
Romans.  It  is  well  ascertained  that  pewterers  were  among  the  earliest 
workers  of  metal  in  England.  A  company  of  them  was  incorporated  in 
1474  ;  but  at  what  time  the  syringe  became  a  staple  article  of  their  mar 
nn&cture  it  tmcertain. 


Ito.  IUl    ajrriBCH  »sd  br  HlBdooa  1b  aUkntuf  Hag  rdiftoH  tKOr^t. 

Had  the  syringe  not  been  mentioned  by  ancient  aathora,  its  andqnmy 
mi^t  be  inferred  from  a  particular  employment  of  it  by  the  Hindoos.  The 
arts,  manneni  and  customs  of  these  people  have  remain^  unchanged  from 
very  remote  times ;  and  such  is  their  predilection  for  the  religions  insti- 
tntions  of  their  ancestors,  Hat  nothing  has,  and  apparently  nothing  can  it»- 
ducfl  them  to  admit  of  the  slightest  change  in  the  ceremoniea  diat  pertain 
to  the  worship  of  their  deities :  henee  the  same  rites  are  still  perlormed, 

in  Ofi^i  Africt.    Lon.  1070,  p.  61.    '  BtHorieal  DsKription  of  Efypt. 
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and  by  means  of  the  same  Idnd  of  instrumenta  at  wlien  Alexander  or 
even  Bacchui  invaded  India.  In  some  of  their  religious  festivals  the 
ayringe  is  made  to  perform  a  prominent  part ;  for  a  red  powder  is  mixed 
with  water,  with  which  the  worshipers  "  drench  one  another  by  means 
of  a  species  of  scjuirt ;  to  represent  Partuott  Rama,  or  some  other  hero 
retunung  IVom  battle  covered  with  blood."  Some  wnters  suppose  the 
ceremony  is  designed  to  celebrate  "  the  orgies  of  Kruhna  with  his  mis- 
tresses and  companions."  No.  115  represents  a,  rajah  and  some  of  his 
wives  engaged  in  this  singular  species  of  religious  worship  and  connubial 
exercise,  m  honor  of  Kiisniia.  The  instruments  are  clearly  garden  syringes, 
and  probably  of  the  same  kind  as  are  mentioned  by  Heron  of  Alexandria, 
as  used  in  his  lime  for  sprinkling  and  dispersing  water. 

The  Hahlte  is  another  Hindoo  festival  which  resembles  in  some  mea- 
sure the  Saturnalia  of  the  Romans.  It  is  observed  through  all  Hindostan, 
and  in  celebrating  it,  the  syringe  is  put  in  requieitian.  Mr.  Brougbton, 
who,  with  some  other  Europeans,  visited  a  Mahratta  rajah  to  witness  the 
ceremony,  observes — "  A  few  minutes  after  we  had  taken  our  seats,  lai^  . 
brass  trays  filled  with  aieer,  and  the  little  balls  already  described  wero 
brought  m  and  placed  befoi«  the  company,  together  with  a  yellow-coloured 
water,  and  a  large  tilver  tguirt  for  each  individual.  The  Muha  Raj  him- 
self began  the  amusements  of  the  day,  by  sprinkling  alitlle  red  and  yellow 
water  upon  us  from  die  goolabdana,  smul  silver  vessels  kept  for  the  pur- 
pose of  sprinkling  rose-water  at  visits  of  ceremony.  Every  one  then 
began  to  tiirow  about  the  ahea;  and  to  tquirt  at  his  neighbour  as  he  pleas- 
ed, '  (Shoberl's  Hind.  vol.  ii,  241,  and  vol.  vi,  14.)  A  somewhat  similar 
custom  prevails  in  Pegu.  At  the  featt  o/"  viatert,  the  king,  nobles,  and  '' 
all  the  people  spon  themselves  by  throwing  water  upon  one  another ;  and 
"  it  is  impossible  to  pass  the  streets  without  being  soundly  wet."  (Oving- 
ton's  Voyage  to  Surat  in  the  year  1689.     Lon.  1696  :  page  697.) 

The  syringe  in  front  of  No.  115,  is  copied  fixim  Rivius'  German  Trans- 
lation of  Vitruvius,  A.  D.  1548.  It  is  from  a  view  of  the  barber's  shop 
belonging  to  the  father  of  Ctesibiui.  (See  pp.  121  and  122  of  this  volume^ 
Across  the  shop  is  a  partition,  behind  which  the  young  philosopher  is  seen 
intently  perusing  a  book,  and  on  the  floor  around  him  are  a  flute,  a  syringe, 
a  pair  ot  bellows,  bagpipes,  &«.;  while  in  front,  the  old  gentleman  in  tna 
European  costume  of  the  16th  century,  and  with  a  swora  at  his  side  I  ia 


ciively  engaged  in  purifying  the  head  and  face  a 

In  the  third  volume  of  a  Collection  of  "  Emblems,  Human  and  Divine" 
in  Latin:  Prague,  1601,  page  76,  a  pair  of  bellows,  a  syrti^e,  and  a  flying 
eoUpile  are  represented  as  forming  tAe  device  of  some  old  Italian  family, 
with  the  singular  motto,  "  Todo  at  viatto." 

Few  ancient  devices  could  be  pointed  out  that  have  given  rise  to  more 
important  improvements  in  the  arts  than  the  primitive  syringe,  Its  modi- 
fications exert  an  extensive  and  beneficial  influence  in  society.  As  a  pis- 
ton bellows  it  is  stitl  extensively  used  in  oriental  smitheries — and  as  the 
same,  it  contributed  to  one  of  the  most  refined  pleasures  of  the  ancients,  by 
supplying  wind  to  their  organs.  It  may  be  considered  ss  the  immeitiata 
parent  of  the  farcing  if  not  of  the  atmospheric  pump— in  both  of  which 
It  has  greatly  increased  the  comforts  and  oonveniencies  of  civilized  life ; 
in  the  fire-enyne  it  protects  both  our  lives  and  our  property  from  the 
most  destructive  of  ute  elements  ;  and  in  the  hands  of  the  surgeon  '"d 
physician  it  extends  the  duration  of  life  by  removing  disease.  The  mo- 
dem philosophical  apparatus  for  exhausting  air,  and  the  ancient  one  for 
condennng  it ;  the  mammoth  blowing  machines  in  our  fbundetiea,  and 
the-oteam  engine  itself,  are  all  modificadone  of  the  syringe. 
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A  forcing  pump  Sffen  but  little  from  a  syringe :  the  latter  receiTes  and 
expele  a  liquid  through  the  same   paaaage,  but  the  former  has  a  separate 
pipe  for  its  discharge,  and  both  the  receiving  and  discharging  orifices  are 
covered  with  valves.     By  this  arrangement  it  is  not  necessary  to  remove 
a  pump  from  the  liquid  to  transfer  the  contents  of  its  cylinder,  as  is  done 
with  the  syringe,  but  the  operation  of  forcing  up  water  may  be  continuous 
while  the  instrument  is  immoveable.  A  forcing  pump,  therefore,  is  merely 
«  syringe  (umished  with  an  induction  and  eduction  valve — one   through 
which  water  enters  the  cylinder,  the  other  by  which   it  escapes  from  it. 
Of  the  process  or  reasoning  which  led  to  the  application  of  valves  to  the 
syringe,  history  is  silent ;  but  as.ha3  been   remarked  in  a  previous  chap- 
ter, their  employment  in  bellows  or  air  forcing  machineajrobably  opened 
the  way  to  their  introduction  into  water  forcing  ones.     The  ordinary  bel- 
lows has  but  one  valve,  and  the  simplest  and  most  ancient  forcing  pumps 
have  no  more.  One  of  these  u  shown  at  No.  116.    It  represents  a  syringe 
having  the  orifice  at  the  bottom  of 
the   cylinder  covered  by  a  valve 
or  clack,  opening  upwards ;   and 
a  discharging  pipe   connected  to 
the  cylinder  a  littie  above  it :  when 
placed  in  water  the  oiifice  of  this 
pipe  is  closed  with  the  finger,  and 
the  piston  being  then  drawn  up, 
the  cylinder  becomes  cbai^d,  and 
when  the  piston  is  pushed  down 
die  valve  closes  ana  the  liquid  t* 
forced  through  the  pipe.     In  thu 
machine  (he  finger  performs  the 
part  of  a  valve  by  preventing  air 
from  entering  the  cylinder  when 
the  piston  is  being  raised.     Such 
pumps  made  of  tin  plate  were  for- 
merly common,  and  were  used  to 
wash  windows,  syringe  plants  and 
N^iw.  KtiiT  garden  trees,  &c.     The  figure  is 

sii.g«e.vdT.  FsRiic  Pampi.  from  plate  57  of  "  L'Esploiter  des 

Mines,"  in  Arts  bt  Metiers,  and  is  described  (page  1584)  as  a  Dutch 
pump,  "  pour  cnvoyer  conunod^ment  de  I'eau  dans  les  diff^rents  quartiers 
ae  I'attelier." 

No.  117  is  another  single-valve  forcing  pump  from  the  second  volume 
of  a  Latin  treatise  on  Natural  Philosophy,  by  P.  P.  Steinmeyer,  Fribargh. 
1767.  It  is  secured  in  a  cistern,  the  sur&ce  of  the  water  m  which  is  al- 
ways kept  above  the  small  openings  made  through  the  upper  part ;  so 
that  when  the  piston  is  drawn  up,  as  in  the  figure,  the  hquid  flows  in  and 
fills  it ;  and  on  the  descent  of  the  piston  the  water  is  forced  up  the  as- 
cending pipe,  the  valve  preventing  its  return.  This  is  a  very  simple 
and  efficient  forcing  pump;  and  having  no  induction  valve  and  the  piston 
being  always  under  water,  it  is  not  very  liable  to  derangement  It  has, 
however,  its  defects  ;  &r  in  elevating  the  piston  the  whole  weight  of  the 
atmosphere  above  it  has  to  be  overcome,  a  disadvantage  that  in  large  ma- 
chines would  not  be  compensated  by  the  saving  of  a  valve.  As  the  piston 
has  to  pass  the  holes  in  the  upper  part  of  the  cylinder,  its  packing  would 
be  injured  if  their  inner  edges  were  not  roundea  off.  This  pump  has  been 
erroneously  attributed  to  a  modem  European  engineer  :  see  the  London 
Begister  of  Arts,  v,  154,  and  Journal  of  the  Fruiklia  Institute,  viii,  379. 
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The  ordinary  forcing  pump  haa  two  Talvea,  aa  in  the  annexed  figure, 
which  represents  it  as  generally  made.  The  cylinder  is  placed  above  the 
ivir&ce  of  the  water  to  oe  raised,  and  consequently  is  charged  by  the  pres- 
■ata  of  the  atnuwpltere ;  the  machine,  therefore,  is  a  compound  one,  dif- 
feiing  from  that  la4t  described,  which 
is  poreW  a  forckig  pump,  die  water  en- 
tering Its  cylinder  by  gravity  alone. 
The  acUon  of  the  machine  now  under 
consideration  is  similar  to  that  of  the 
syringe :  when  the  piston  is  raised  the 
air  in  the  pipe  helow  the  cylinder  ruahea 
through  the  valve  and  is  expelled  on 
the  descent  of  the  piston  through  the 
other  valve  in  the  ascending  or  die* 
charging  pipe ;  and  on  a  repetition  of 
the  strokes  of  liie  piston,  water  rises  ia 
the  suction  pipe,  enters  the.  cyUnder, 
and  is  expelled  in  the  like  manner. 
Pumps  of  this  kind  are  sometimes  placed 
in  the  yards  of  dwelling  houses,  the 
suction  pipe  extending  into  a  well,  and 
the  ascending  one  to  a  cistern  in  the 
npper  parts  of  the  building.  In  these 
caoea  a  cock  is  generally  inserted  a  lit- 
tle above  the  valve  in  the  ascending 
Hs.iiKcou«F(irei*(rup.  [Hpe  to  Httpply  water  if  required  in  the 

vicinity  of  Uie  pump. 
The  beautiful  instrument  used  of  late  years  to  transfer  liquids  into  and 
froin  the  human  stomach  is  a  modification  of  the  above  machine.  It  cannot 
with  proprie^  be  named  a  syringe,  for  as  it  is  fumiahed  with  valves,  it  is, 
in  every  respect,  a  pump.  Having  been  employed  with  much  succesa  in 
withdrawing  poison  from  the  stomach,  it  is  now  justly  classed  among  tile 
esaential  apparatoi  of  the  surgeon.  Its  origin  and  history  are  detailed  in 
a  pamphlet  published  by  its  inventor,  Mr.  John  Read,  of  England,  who 
devised  it  in  1819,  and  in  the  following  year  obtained  a  patent  tor  it  under 
the  name  of  a  "Stomach  and  Enema  Pump."  Alter  visidng  London 
twice  in  vain  for  the  purpose  of  procunng  suitable  tubes,  he  tried  to  get 
aome  made  in  the  country,  but  failed.  On  a  third  visit  to  the  metropolis 
he  obtained  on  indifferent  one  which  he  thought  might  answer,  and  after 
■tdapting  it  to  a  pump,  "  I  then  [he  observes]  presented  it  to  Sir  Aidev 
Cooper,  who  asked  me  for  what  pun>ose  it  was  intended  ;  I  told  him  it 
was  intended  for  the  removal  of  6md  poisons  from  the  human  stomach; 
afler  a  few  minutes  inspection  of  the  instrument.  Sir  A.  mode  the  follow- 
ing reply  : — '  about  three  weeks  ago  I  was  called  to  attend  a  young  lady 
about  10  o'clock  in  the  morning  who  had  taken  opium ;  I  gave  her  sul- 
phate of  capper,  sulphate  of  zmc  and  other  things :  I  sat  by  her  until 
eight  in  the  evening,  when  she  died !  If  I  had  been  in  poasession  of  thif 
instrument  at  the  lime,  I  could  have  relieved  her  in  five  minutes,  and  have 
saved  her  Hfe.*  After  many  questions  bow  I  came  to  think  of  such  a 
thing,  which  I  satisfactorily  explained,  he  said  '  what  can  I  do  for  yon  1** 
my  answer  was — the  pubheity  of  your  opinion  is  all  I  wish :  he  replied^ 
'  uat  you  shall  soon  have  ;'  and  he  ordered  me  to  meet  him  the  next  day 
at  G-uy'a  Hospital  at  one  o'clock,  when  he  proposed  to  trv  an  experiment 
on  &  dog  ;  but  as  no  dog  could  be  procured,  [that  day,]  Sir  Astley  pn>- 
poaed  Friday  at  the  same  hour ;  when  I  attended  u  before,  and  a  dog- 
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wu  d>ea  t«Bdy  for  tlie  ezperiineat  m  the  operating  dieatre,  which  wu 
erowdod  lo  exccM.  The  do^  was  brou^t  to  Sir  £  who  gave  him  four 
drechms  of  opium  dissolved  in  water.  The  dog'a  pulse  was  first  at  ISO; 
in  seven  minutes  it  fell  to  110,  and  Irom  that  to  90.  The  poison  was  suf- 
fered to  remain  in  the  dog's  stomach  33  niinutes,  till  he  appeared  to  be 
dead,  and  I  was  doubliiil  it  would  be  the  case  before  Sir  A.  would  let  me 
use  die  pump.  I  must  confesB  I  waa  very  impadent  to  be  at  work  on  the 
dog  with  my  instrument  in  b&nd  ready  for  action.  Sit  A.  kept  his  finger 
on  the  dog's  pulse,  then  at  90,  and  said  very  deliberately, '  I  tbink  it  will 
do  now,  as  it  is  33  minutes  since  I  gave  him  the  dose.'  A  bann  of  warm 
water  being  then  brought.  Sir  A.  passed  the  tube  I  had  provided  into  the 
dog's  stomach :  I  immediately  pumped  the  whole  contents  of  the  basin 
[the  warm  water]  uUo  the  stomach,  and  as  quickly  repumped  the  whole 
from  the  stomach,  containing  the  laudanum,  back  again  into  the  basin.  Sir 
A.  observed,  while  I  was  emptying  the  dog's  stomach,  the  laudanum  swim- 
ming on  the  surface,  and  said  '  Jl  vUl  doi'  a  second  baain  of  water  was 
then  ii^ected  and  withdrawn  by  the  pump  as  before  :  I  asked  for  a  third, 
but  Sir  Astley  said  it  was  unnecessary,  as  the  laudanum  bad  all  been  re- 
tamed  in  the  first  basin."  In  half  an  hour  the  animal  was  completely  re- 
vived and  running  about  the  theatre. 

It  may  be  of  use  to  state,  that  the  quickest  and  easiest  mode  of  employ- 
ing a  stomach  pump  ^according  to  the  inventor)  is  to  use  it  only  as  ^Jim- 
i^  pump— that  is  to  mject  warm  water  or  other  dilutents  into  ue  stomach 
n&dt  that  organ  becoming  surcharged,  the  fluid  regurgitates  hy  the  mouth ; 
in  other  words  to  fill  the  stomach  to  overflowing — the  liquid  paaaing  down 
the  tube  and  rising  through  the  CBSophagus  by  the  side  of  it ;  the  opera- 
tion being  continued  dll  the  fluid  returns  unchanged.  In  the  abtence  of 
a  pump,  a  timnel  or  other  vessel  attftched  to  &  flexible  tube  might  answer. 


There  are  numerous  varieties  in  stomach  pumps,  arising  from  the  dif 
ferent  modes  of  constructing  and  arranging  tke  valves,  so  as  either  to  in- 
ject or  withdraw  liquids  through  the  same  tube  without  shifting  the  appa- 
ratus. No.  119  represents  one  that  is  described  in  the  Journal  of  the 
Franklin  Insutute,  (vol.  xiii,  823.)  It  consists  of  an  ordinary  syringe 
screwed  to  a  cylindrical  valve  box  which  contains  two  egg-shaped  cavi- 
ties. In  each  cavi^  is  a  small  and  loose  spherical  valve  that  fits  either  of 
die  orifices.  Two  flexible  tubes  are  attached  to  each  cavity  as  represented. 
Suppose  the  upper  tube  inserted  into  a  person's  stomach  and  the  lower 
one  into  a  basin  of  warm  water  j  if  the  syringe  were  then  worked,  the 
liquid  would  be  forced  into  the  stomach  and  the  poison  diluted  :  then  by 
turning  Uie  instrument  in  the  hand  so  as  to  bring  the  upper  tube  down, 
(without  withdrawing  the  one  in  the  stomach,)  the  valves  would  drop  upon 
the  other  orifices  in  each  cavity,  and  the  syringe  would  raise  the  contents 
of  the  stomach  into  the  basin,  u  represented  in  the  figure. 


„gk 


Chap.  3.]  Forcing  Pm^  ipUh  Air  Veud.  SfiS 

W«  haTfl  no  idea  that  the  mrentor  of  the  stomach  pomp  waa  isdebtsd 
to  Hitdibra*  for  the  hint,  yet  that  old  warrior  eeema  not  only  to  have  been 
a  proper  subject  for  its  occasional  applicaUon,  but  he  appears  to  have  bod 
some  notions  that  might  eventually  have  led  to  it.  Those  readers  who 
are  fimiilitr  with  Butler's  account  of  him  will  remember  that  when  he  was 
insulted  by  Talgol  the  butcher,  the  kni^t,  as  he  justly  might, 

.  "grew  high  in  wrolh, 
And  lifting  hands  and  ejes  ap  both, 
Three  times  be  smote  on  sUmaeh  itoal 
From  whence  at  list  Ibsse  words  broke  out : 


Noi  all  that  farce  that  make*  thee  prood, 

Becnasa  bf  bullocki  ne'er  wilhsto[>d, 

Bhall  Mve,  oi  help  thee  to  evuls 

The  hand  of  justice,  or  thia  blade. 

Nor  shall  those  worda  sf  venom  bass, 

Which  tbon  bsst  from  their  native  place 

Tkf  ^omaA,  fwmf'd  to  Sing  on  me 

Go  anrsTeDged :     ■  >         >         • 

Tbon  down  Ibe  ssme  throat  shall  deronr  'em. 

Like  tainted  beef,  snd  pa]r  dear  for  'em." — CtMe  a,  Pmt  L 

It  waa  a  common  practice  with  the  ancient  Roman  epicures  to  emp^  lb« 
stomach  by  an  emetic  before  dinner.  Had  the  application  of  the  pump 
for  such  a  purpose  been  then  known,  it  would  of  course  have  been  pre- 
ferred as  the  more  agreeable  and  certain  device  of  the  two.  But  if  tha 
ancients  had  no  apparatus  for  withdrawing  the  contents  of  the  stomach, 
they  were  not  destitute  of  means  for  conveying  nauseous  or  corroding 
liquids  into  it  Pliny,  in  his  NaL  Hist,  xxx,  6.  sa^s  such  medicines  were 
■wallowed  "  through  a  pipe  or  tunnel"  iiuerted  into  the  moudi  for  that 
ptirpose. 

The  pump  figured  at  No.  118  ejects  water  as  a  sviinge  and  only^ien  the 
piston  is  forceddown ;  but  by  the  addition  of  what  is  c^ed  an  air-veud,  the 
stream  &om  the  discharg- 
ing pipe  may  be  made  con- 
tinuous ;  this  vessel  is  dol- 
ed at  its  upper  part,  and 
open  at  bottom,  where  it  is 
connected  by  screws  to  the 
forcing  pipe  directly  over 
the  valve,  as  represented  in 
the  annexed  iHuslration.   A 
discharging  pipe  may  then 
be  connected  to  the  lower 
port  of  the  vessel,  or  it  may 
be,  as  it  often  is,  inserted 
through  the  top,  in  which 
case  Its  lower  end  should 
extend  nearly  to  the  bottom. 
When  by  the  descent  of  the 
jnston  water  is  forced  out 
of  the  cylinder,  part  of  it 
enters  the  pipe,  and  part  rushes  past  it  and  compreuet  the  air  confined  in 
die  upper  part  of  the  vessel ;  atid  when  the  piston  is  raised  to  draw  a 
fresh  portion  into  the  cylinder,  this  ur  expands  and  drives  out  the  water 
that  compressed  it  and  thus  renders  the  stream  constant.     It  will  be  per- 
ceived that  the  quantin'  of  water  raised  is  not  increased  by  this  airange- 
34 
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meat ;  its  flow  from  the  dudurgin^  aeAea  being  menl;  rendered  nniforni, 
or  nearly  bo. 

In  the  ordimiT;  oie  of  forcing  ptunps  &  conMant  instesd  of  an  inter- 
rupted flow  of  wutBT  fitnn  the  diMharging  otitice,  may  be  a  matter  of 
BO  importance  ;  but  vrhett  diose  of  large  dimensions  ore  required  to  raise 
it  to  great  elerationi,  air  vessels  are  not  only  vahiable  but  indispen  sable 
adjuncts ;  for  the  elastic  fluid  within  tbem  forms  a  medium  for  gradually 
overcoming  the  inertia  of  the  ascending  liquid  columns,  and  thereby  pre- 
vents those  jars  sod  shoolu  whu^  are  incident  to  aQ  non-elastic  substances 
in  rapid  motion,  when  brought  snddenly  to  a  state  of  rest  A  column  of 
water  moving  with  great  velocity  throngli  a  pump,  produces,  when  in- 
stantly stopt,  a  concussion  like  that  of  a  solid  rod  of  the  same  length,  when 
its  end  is  driven  against  an  unyielding  object;  but  with  an  air-vessel,  the 
effect  is  like  tliat  of  the  same  rod  whan  brought  is  contact  with  a  bale  of 
cotton  or  caoatchauc.  Less  force  is  required  also  to  work  pumps  that 
bave  air-vessela,  because  in  them  the  column  of  water  in  the  discharging 
|npe  is  continued  in  motion  during  the  ascent  of  the  piston,  hence  it  haa 
not  to  be  moved  from  a  state  of  rest  on  the  piston's  retnrn.  When  two 
or  more  cylinders  are  connected  to  one  discharging  pipe,  one  air-vessel 
only  is  required,  as  in  fire-engines,  water-works,  fcc. 

It  is  this  kind  of  forcing  pomp  that  is  generally  adopted  in  water-worlu 
for  the  supply  of  towns  and  cities ;  the  piston  rods  being  moved  by 
cranks  or  levers  attached  to  water  wheels ;  sometimes  diey  are  driven  by 
windmills,  steam-engines,  and  by  KTiiTniilB      The  cylinders  are  commonly 


used  perpendicularly  u  in  the  figure,  but  they  are  sometimeB  worked  to 
an  inclined  and  also  in  a  hoiizontal  posidon. 

The  celebratedpumpofCtedbiuswBS  constructed  like  that  represented 
in  the  last  figure,  except  Aat  it  had  two  cylinders.  It  seems  to  have  been 
almost  ideuUcal  in  its  construction  with  our  fire-engines.  "  It  remains  now 
[says  Vitruvius]  to  describe  the  machine  of  Ctesibius  which  rsises  water 
▼ery  high.  This  is  made  of  brass ;  at  the  bottom  b  pair  of  buckets  [cylin- 
ders] ore  placed  at  a  little  distance,  having  pipes  luce  the  shape  of  a  fork 
annexed,  meeting  m  a  basin  in  the  middle.  At  the  upper  holes  of  tha 
pipes  within  the  basin,  ore  made  valves,  hinged  with  very  exact  joints ; 
which,  stopping  the  holes,  prevent  the  efflux  of  the  water  that  wiU  b» 
pressed  into  the  basn  by  the  air.  Upon  the  basin  a  cover  like  on  inverted 
lunnel  \»  fitted,  which  is  adjoined  and  fastened  to  the  basin  \>y  a  collar, 
riveted  through,  that  die  pressure  of  the  water  may  not  force  it  off :  and 
on  the  top  of  it,  a  pipe  called  the  ttiba,  is  affixed  perpendicularly.  The 
buckets  [cylinders]  have  valves  placed  below  the  lower  motiths  of  die 
lapes,  and  fixed  over  holes  that  ore  in  th^  bottoms  :  then  pistons  turned 
very  smooth  and  anointed  with  oil,  being  inclosed  in  the  buckets  [cylin- 
ders] are  worked  with  bars  and  levers  from  above ;  the  repeated  motion 
of  these,  up  and  down,  pressing  the  air  that  is  therein  contained  with  the 
crater,  the  holes  being  shut  by  the  valves,  forces  and  extrudes  the  water 
through  the  mouths  of  the  pipes  into  the  basin ;  from  whence  rising  to  the 
cover,  the  air  presses  it  upwards  through  the  pipe;  and  thus  from  the  low 
ritoatdon  of  the  reservoir,  raises  it  to  suf^ly  the  public  fountains,"  Book 
X,  cap.  12.     Newton's  Trans. 

The  machine  as  thus  described  is  a  proof  of  the  progress  which  die  an> 
<uents  had  made  in  hydraulics  :  the  whole  appears  to  have  been  of  the 
most  durable  materialB,  and  of  the  best  workmanship.  Although  the  figures 
of  this  and  other  machines  which  Vitruvius  inserted  in  his  work  are  lost, 
diere  is  Uttle  difficult  in  realizing  its  conatruction  from  die  text.    Ttanalft* 
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tore  and  commentatora  have  generally  agraed  in  dieir  viewi  of  it  aa  r«- 
presented  below,  viz :  two  ordinary  forcing;  pumps  connected  to  an  tif 
vetael  and  one  discharging  pipe. 


Ht-m,    HKkiH  gfCMibiM 

The  cylinders  are  secured  in  a  frame  of  timber,  and  the  piston  rods  ars 
Mlached  by  joints  to  lerers,  one  end  of  which  are  depressed  by  cams  on 
the  axis  of  die  wheel,  aa  shown  above  and  also  at  No.  89.  Barbaro  ha« 
figured  a  crank  at  the  axis  which  gives  a  reciprocating  motion  to  a  hori- 
Kontal  shaft  placed  over  the  pnmps,  and  projecting  pieces  from  which  impart 
motion  to  the  piston  rods.  Vitruvius  informs  ua  tnat  when  machines  were 
employed  to  raise  water  from  nvers,  they  were  worked  by  undershot 
wheels  impelled  by  the  stream,  and  hence  the  pumps  of  Ctesibios  were 
believed  to  have  been  moved  by  the  same  means. 

But  for  Vitruvius  we  should  not  have  known  that  forcing  pumps   ( 


■dmted  part  of  the  water  works  of  andouitY ;  and  had  he  not  remarked 
that  they  were  employed  to  supply  "  public  Muntains,"  it  might  have  been 
supposed  that  water  never  rose  higher  in  the  dwellings  of  ancient  citiea 


1  that  which  was  drawn  directly  from  the  acjuedu< 
It  would  be  almost  unpardonable  to  pass  over  this  celebrated  n 
witiiout  further  remark,  since  it  is,  in  several  respecta,  one  of  the  most 
interesting  of  all  antiquity.  An  aoconnt  of  its  origin  and  early  history 
^rould  form  a  commentary  on  motl  of  the  arts  and  sciences  of  the  ancienra, 
and  would,  we  believe,  furnish  evidence  of  their  progress  in  some  of  them 
that  few  are  willing  to  believe.  Although  it  was  attributed  to  Ctesibius, 
there  is  some  uncertainty  respecting  the  extent  of  his  claims.  It  may  ap< 
pear  invi^ons  to  attempt  to  rob  diis  illustrious  man  of  inventions  ascribed 
lo  him,  bat  our  object  u  to  uoertain,  not  to  depreciate  them  or  diminiah 
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dieir  nnmber.  It  liu  freqaently  been  remarked  Out  litde  dependence 
oui  be  placed  on  ancient  writers  m  regards  the  aadion  of  the  useful  ma* 
dunes.  Generally  those  who  introduced  them  from  ahroad,  who  im- 
proved them,  increased  their  effects,  or  extended  their  application,  were 
reputed  their  inventors.  This  ha*  been  the  case  more  or  less  in  every 
pait  of  the  world,  and  is  so  at  the  present  day.  The  Greeks  found  au- 
thors among  themselves  fot  almost  every  machine,  althoush  most  of  them 
were  certainly  derived  &om  Egypt.  Thus,  the  sails  and  masts  of  oldps, 
tlie  wedge,  auger,  axe  and  level,  were  known  before  Dedalns.  The 
MW,  drill,  compaMes,  glue  and  dovetailing,  before  Talus.  Cast  iron  was 
employed,  and  moulding  practiced,  and  the  lathe  invented,  long  before 
Theoaorus  of  Samos  lived  i  and  the  screw  and  the  crane  before  Archytaa. 
The  last  individual  was  celebrated  for  various  inventioni,  and  among 
others,  Aristode  mentions  the  child's  rattle,  from  which  it  may  be  infer- 
red that  he  was  an  amiable  man  and  fond  of  children — but  Egyptian 
children  were  amused  with  various  species  of  toys,  centuries  before  he 
flourished ;  and  they  then  had  dolls  whose  limbs  were  moved  by  the 
pulling  of  strings  or  wires,  as  ours  have  at  this  dajr.  Wilkinson's  Man- 
ners and  Customs  of  the  Ancient  Eygptians.     Vol.  li,  426-7. 

As  regards  machines  for  raising  water,  we  have  already  seen,  that 
lorae  have  been  ascribed  to  others  than  their  authors.  Even  the  stpkon 
bas  been  attributed  to  Gteribins,  (Adams's  Lectures,  voL  iii,  372,)  because 
it  was  found  in  the  constmction  of  his  clepsydra,  and  no  earlier  application 
of  it  was  then  known ;  but  it  is  now  ascertained  to  have  been  in  common  use 
among  hia  countrymen  io  die  remote  age  of  Rameses — in  the  Augustan 
era  olEgypi,  when  the  arts,  we  are  informed,  "  attained  a  degree  of  per- 
fection, which  no  aAer  age  succeeded  in  imitating."  Had  the  "  Commenta- 
ries of  Cteiibius"  to  which  Vitruvius  referred  his  readers  for  further  infor- 
mation, been  preserved,  we  should  have  had  no  occasion  to  attempt  a  defi- 
nition of  his  claims  to  the  forcing  pump ;  unfortunately,  however,  these 
and  Archimedes'  Treatise  on  Pneumatic  and  Hydrostatic  Engines  have 
perished,  and  have  \eh  us  in  comparative  ignorance  of  the  history  of  sucb 
machines  among  the  ancients. 

We  have  already  seen  that  the  syringe  was  in  common  use  ages  before 
Ctesibius,  and  that  it  was  employed  by  philosophers  to  illustrate  their  hy- 
pothesis of  water  rushing  into  a  vacuum.  Now  a  forcing  pump  is  merely 
a  syringe  with  an  addinonal  orifice  for  the  lit^uid's  discharge,  and  having 
both  its  receiving  and  discharging  orifices  covered  by  valves  or  clacks.  Cte- 
■ilniu  therefore  did  not  invent  the  piston  and  cylinder,  nor  was  he  the  first 
to  discover  the  application  of  these  to  force  water,  for  thev  were  in  pre- 
vious use  and  for  thatpurpose.  Was  he  the  inventor  of  valves  1  No,  for 
Aev  were  usedintbelfgyptiBn  bellows  thirteen  or  fourteen  hundred  years 
before  he  lived,  and  appear  always  to  have  been  an  essential  part  of  those 
instruments.  They  were  employed  in  clepsydra ;  and  were  most  likely 
used  in  the  hydraulic  organ  of  Archimedes,  which  Tertullian  has  des- 
cribed. Is  the  OTrangemeitt  of  the  valves,  by  which  water  is  admitted 
through  one  and  expelled  by  the  other,  to  be  ascribed  to  him  %  We  believe 
not,  for  the  tame  arrangtnent  was  previously  adopted  in  the  bellows,  so 
far  as  regards  the  application  of  one  of  them,  and  the  principle  of  both  ; 
and  if  it  could  be  shown  that  the  Chinese  bellows  was  then  in  use.  as  we 
suppose  it  was,  and  possibly  known  in  Egypt,  (fca"  that  some  int 
did  take  place  in  ancient  times  betwen  Egypt  and  China,  even  if  i 
pie  be  not  a  colony  of  the  other,  is  proved  by  Chinese  bottles  and  inscrip- 
tions found  in  tbe  tombs  at  Thebes,)  then  the  merit  of  Ctesibius  would 
Mom  to  be  confined  prindpally  to  die  constmction  of  netaOk  bellowa  at 
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"  VMter  forcen,"  or,  to  tht  appHeatioH  i^vahti  U>  Ae  orJmary  lyritige,  by 
which  it  was  coDTerted  into  a  forcine  pomp,  either  for  air  or  water.  But 
it  is  not  ceitaiii  that  the  last  was  not  aone  before,  for  neither  Vitruviua  nor 
Pliny  asserti  that  "  water  forcen"  were  not  in  previous  use.  The  former 
UYS  he  applied  the  principle  of  "  compresaed  sir"  to  them,  in  common 
with  "  hydraulic  oi^ans,"  "  antomatona,"  "  lever  and  turning  machinea," 
and  "  water  dials,"  (Book  ix,  cap.  9;)  hence  it  may  at  well  be  concluded 
from  this  paua^,  that  he  invented  these  aa  the  pump.  It  ia,  indeed,  almost 
tmposnble  to  believe  that  the  Egyptiaua,  of  whine  aagaci^  and  ingenuity, 
unrivalled  monumenta  have  come  down,  did  not  detect  the  application  both 
of  the  bellows  and  syringe  to  raise  water  long  before  CteBibina  lived ; 
hence  we  are  inclined  to  place  the  forcing  pump  in  its  simplest  fonn,  widi 
the  syringe  and  atmospheric  pomp,  among  the  works — 


ThM  the  fordng  pump  was  gready  improved  by  Gteubius,  there  eon 
be  no  question ;  but  that  which  gave  celebri^  to  his  machine  was  proba- 
bly the  air-vessel,  an  addition,  which  though  not  very  clearly  described  by 
Vitrnvius,  appears  to  have  originated  with  him.     By  it  the  pump  instead 


as  in  a^  d^eau,  < 
eclat  to  his  name. 

lion  wilh  and  dependence  upon  air;  whereas  had  it  been  simply  a  forcing 
pump  it  would  have  hod  nothing  to  do  vrith  it :  it  would  have  raised  water 
mdependently  of  it ;  and  without  (m  air-vessel  Vitravios  never  could  have 
asserted  that  it  forced  water  up  the  discharging  tube  by  means  of"  tir 
pressing  it  upwards."  Compressed  air  acted  a  prominent  part  in  all  his 
machines.  In  lus  wind  guns,  water  clocks,  and  numerous  automata ;  some 
of  the  latter  in  the  shape  of  birds,  &c.  appeared  to  sine,  others  "  sounded 
trumpets,"  and  these  results  are  aaid  to  have  been  produced  with  "  fluids 
compressed  by  the  force  of  sir."  We  may  add  that  he  compressed  air  in 
his  hydraulic  organs  and  precisely  in  the  same  mamier  a*  m  the  pump, 
vis ;  by  wUer,  and  by  either  air  or  water  forcing  pomps.  The  commence- 
ment of  hia  diacoveriea  was  die  experiment  on  air  with  the  weight  and 
speculum  in  his  Other's  shop,  (see  page  122]  in  which  die  descending 
.  weight  "  compressed  the  inclosed  air  and  forced  it  through  the  several 
apertures  into  the  open  air,  and  diereby  produced  distinct  sounds.  "  When 
therefore  Ctesibius  observed  diat  sounds  were  produced  from  die  coin- 
preaaion  and  concusdon  of  air,  he  first  made  km  of  thatpriiKipie  in  cod- 
triving  hydraulic  organs,  also  water  forcers,  automatons,"  &c.  What 
principle  was  this  which  Vitruvius  says  he  applied  to  water  forcers  in 
common  with  organs,  &c.  t  That  of  compressed  air,  as  we  understand 
it ;  and  the  employment  of  which  is  so  evident,  in  the  description  of 
}aa  majttiina  already  given. 

Does  any  one  doubt  that  die  air-vessel  was  known  to,  and  nsed  bv 
CteritHUB  T  Let  him  recollect  that  Heron,  his  disciple  and  intimate  tnaaa, 
has  also  described  it;  for  the  celebrated  fountam  of  this  philosopher, 
vrhich  still  bears  his  name,  and  remains  just  as  he  lefl  it,  is  simply  an 
uivchamber,  in  which  the  fluid  is  compressed  by  a  column  of  water  ii>- 
stead  of  a  pump;  and  one  of  his  machines  for  raising  water  by  steam,  was 
another,  in  which  the  elastici^  of  that  fluid  was  used  in  a  similar  manner. 
Besides  these,  there  are  others  represented  in  the  l^nrUaUa;  indeed, « 
A  portion  of  the  fignres  in  that  work  an  modifioatJons  of  air  clua- 
At  pages  42  ud   118,  of  Commandim's  Tronslaiioii,  ore  shown 
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aplierical  vmsela  conttunuig  water,  into  which  perpendictdar  cUKfawgiu 
tubes  deacend  :  to  expel  the  liquid,  syriogei  or  minute  pumps  are  adapted 
to  the  vessels,  for  the  purpose  of  injecting  air  or  water,  and  bv  that  means 
to  produce,^  d'emt.  The  common  syriiige  is  also  figured  at  large  and  in 
section,  p.  120.*  Pliny  also  aeenis  to  refer  to  air-veueU  in  his  xix  book,  cap. 
4,  where  he  spealu  of  water  forced  up  "  by  pumpa  and  such  like,  going 
with  tie  Mtfoigth  ofvnitd  au^oied."     HoUantTs  Trans. 

As  the  ancients  have  not  particulariEed  the  claims  of  CtoNbiua  to  the 
pump,  it  is  impossible  to  define  them  with  precision  at  this  distance  of  time. 
Ferlupa  the  instrument  had  been  laid  aaide,  or  the  knowledge  of  it  almoM 
lost  when  he  revived  and  improved  it,  as  some  of  his  own  inventions  havo 
been  in  modem  times — his  gun,  for  example,  of  which  Fhilo  of  Byzan- 
.  lium  has  given  a  description,  and  which  "  was  constructed  in  such  a  man- 
ner as  to  carry  stones  with  great  rapidity  to  (he  greatest  distance."^  Its 
invention  has  been  claimed  oy  the  Germans,  the  French,  Dutch,  and  from 
the  following  remark  of  Blainville,  by  the  Swiss  also:  speaking  of  Ba^, 
he  observes,  "  They  make  a  great  noise  here  about  a  hellish  invention  of 
ft  gunsmith,  who  invented  wind  guns  and  pistols.  This  invention  may  be 
truly  called  diabolicaj,  and  the  use  of  it  ought  to  be  forbid  on  pain  of 
death."'  Now  if  the  modero  inventor  of  the  air  gun,  an  instrument  which, 
two  oentories  ago,  was  spoken  of  as  "  a  laie  invendon,"'  cannot  with  cer- 
tainty be  ascertained,  it  can  hardly  be  expected  that  the  specific  claims  of 
Ctesibtua  to  the  pump  can  be  pointed  out  after  a  lapse  of  3000  year*.  If  he 
was  the  first  to  combine  two  or  more  cylinders  to  one  discharging  pipe- 
to  form  them  of  metal,  as  well  as  the  valves  and  pistons — and  the  first  to 
invent  and  apply  air-vessels,  his  claims  are  great  indeed,  and  for  aught 
diat  IB  known  to  the  contrary  he  is  endtled  to  them  all.  His  merits  as 
respects  the  latter  will  be  apparent,  if  we  call  to  mind  the  fact  that  their 
^pUcatioD  to  pomps  has  not  been  known  in  Europe  for  two  centuries  ; 
KM  that  iheir  introduction  was  in  all  probabili^  derived  from  him,  for  it 
was  not  till  a  hundred  years  ailer  Vitruvius's  description  of  his  machine 
had  been  translated,  prmted  and  circulated,  that  we  first  hear  of  air-vessels 
in  modem  times. 

We  may  here  remark  that  at  whatever  period  tobaav  was  first  smoked 
in  the  Hookah,  (and  according  to  some  authors,  this  weed  was  used  in 
Ana  before  the  discovery  of  Ameitca,)  the  air-vessel  was  known ;  for  that 
instrument  is  a  perfect  one,  as  any  person  may  prove  by  the  following 
experiment :  let  a  smoker,  instead  of  sucking  at  Uie  end  of  the  tube  vr\i\aa 
he  inserts  in  his  mondi,  Uow  through  it,  and  the  hqnid  contents  of  the 
hookah  will  be  forced  out  through  the  perpendicular  tube  on  which  the 
weed  is  placed  as  in  a  miniature  fire-engme,  carrying  up  with  it  the  pellet 
of  tobacco,  somewhat  in  the  manner  of  those  li^t-bslls  which  are  some- 
times placed  oajtti  ifsaw,  or  the  boy's  pea  playing  on  a  pipe  stem.  Aa 
operatum,  in  the  opinion  of  some  physicians,  more  bai^inat  to  the  per- 
former than  the  ordinary  one,  and  disposing  of  the  scented  material  m  a 
manner  more  suited  to  its  value. 

■  Hamnii  AlexBndrini  Bpiritalinni  liber.    A   Pederico  Conunindiiu)  uibinats,  ax 
— "  -mHT  in  Lsliimm  coDvemH.  1683. 

m*  Inqniiy  into  dn  Origin  of  tfai 

i,i,388.    IWilkirn'Mat/Hagio. 
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^Dman**  In^niiy^lo  dn  Origin  of  die  Arts  atbUmM  to  flM  Hodsni,  f.  18S> 
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CHAPTER    IV. 


Of  the  variooB  modific&tkoiu  which  the  forcing'  pump  has  undergone 
in  rscent  limea  we  con  notice  but  a  few,  and  of  uiese  the  greater  part 
were  moft  likely  known  to  ancient  engineen.  The  most  proininent  one 
■a  that  by  which  the  machine  is  made  doable  acting.  Now  the  device  by 
which  tbi»  ie  effacied  baa  not  only  frequently  occurred  to  quite  a  number 
of  ingenious  men  in  their  endearoura  to  improve  the  pump  who  were  ig- 
norant of  ita  having  been  accomplished ;  but  it  ia  an  exact  copy  of  one 
that  hai  been  apphed  to  the  wind  pump  of  China  from  time  immemorial, 
(■ee  No.  112;)  it  probably  therefore  did  not  escape  anch  men  aa  Cteeibioa, 
and  Heron,  and  others  who  appear  to  have  exercised  dieir  infenui^  and 
ngacity  to  the  utmost  in  order  to  improve  this  machine,  and  who  \rere 
enthuBiaaCically  attached  to  such  researches.  The  remarks  on  modem 
improTementa  of  the  atmospheric  pump,  pages  225~6,  are  equally  applica- 
ble to  ihose  of  the  forcing  one;  and  it  is  worthy  of  remark,  that  notwith- 
standiuff  the  present  improved  state  of  mechanical  science,  the  ancient 
forms  of  both  now  prevail— for  the  forcing  pump  as  made  by  Ctenbius  in 
Egypt,  and  as  described  by  Vitruvius  as  used  by  the  Bomana,  is  sdU  more 
common  than  any  other. 

The  double  acting  pump  represented  in  the  fi£ure<  ^*u  devised  by  H. 
La  Hire  in  the  early  part  of  the  laat  century.  His  description  of  it  waa 
published  in  the  Memoirs  of  the  French  Academy  in  1716;  and  &om  one 
of  his  eipressiotia  we  perceive  {what  \ns  in- 
deed very  notutJ)  that  if  he  was  not  bdebted 
for  the  improvement  to  the  contemplation  of 
bellows,  these  inatruments  were  at  least  close- 
ly aaaociated  with  it  m  his  mind.  The  pmnp 
I  propose  Dte  observes]  furnishes  water  con- 
tinually, "just  aa  the  double  bellows  makes 
a  conlumal  wind."  The  pston  rod  passes 
through  a  stuffing  box  or  collar  of  leaders  on 
the  top  of  the  cylinder.  The  latter  has  foor 
openings  covered  by  valves  or  clacks;  two 
for  the  admission  of  water  and  the  same  num- 
ber for  its  discharge.  A  B  is  the  suction  pipe, 
and  C  D  the  asc^iding  or  discharging  one. 
Soppoae  the  lower  end  of  the  suction  pipe  in 
water;  then  if  the  piston  be  thmst  down, 
the  valve  near  B  will  dose,  and  the  air  in  the 
lower  part  of  the  cylinder  will  be  forced 
through  die  valve  at  D  and  up  die  pipe  D  C, 
_____  and  in  conaeqaenoe  of  the  raiefacaon  of  die 

lir  above  the  piston,  the  valve  at  C  will  be 
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closed,  and  water  will  ascend  through  B  A  and  enter  the  cylinder  at  A ; 
then  if  the  piston  be  raised  it  will  force  all  the  water  above  it  through  the 
valve  at  C,  the  only  passage  for  it,  while  at  the  same  time  a  fresh  portion 
will  enter  the  cylinder  through  the  valve  at  B.  Thus  at  every  stroke  of 
dte  piston,  whether  up  or  down,  the  contents  of  the  cylinder  are  forced 
out  at  one  end,  and  it  is  replenished  at  the  same  time  through  the  other ; 
this  pump  therefore  discharges  double  the  quantity  of  water  that  ao  ordi- 
nary one  of  the  same  dimensions  does.  The  piston  rod  may  be  inserted 
dirough  either  end  of  the  cylinder,  as  circumstances  may  require.  These 
pumps  are  frequently  used  in  a,  horizontal  position. 

Another  vanadon  of  the  forcing  pump  consists  in  making  the  piston  of 
the  same  length  aa  the  ^linder  but  rather  less  in  diameter,  so  that  it  may 
be  moved  freely  in  the  former  without  touching  the  aides.     These  pistons 
are  made  wholly  of  metal  and  turned  smooth  and  cylindrical,  so  as  to 
work  through  a  stufling  box  or  cupped  leathers.     The  quantiiy  of  water 
raised  at  each  stroke  has  therefore  no  reference  to  the  capacity  of  the 
cylinder,  however  large  that  part  of  one  of  these  pumps  may  be,  for  the 
hquid  displaced  by  the  piston  can  only  be  equal  to  that  part  of  the  latter 
diat  enters  the  cyhnder.    Switzer  has  given  a  figure  and  description  of  an 
old  engine  composed  of  three  of  these  pumps  "  that  has  been  some  years 
erected  in  the  county  of  Surrey."    Kewton  Has  figured  the  piston  bellows 
described  by  Vitruvius  as  furnishing  wind  to  hydraulic  organs  in  a  similar 
w^y.     In  Commandine's  translation  of  Heron's  Spiritalia,  page  159,  the 
same  kind  of  plunger  is  figured  in  a  pump  belonging  to  a  water  organ ; 
and  at  p.  71,  a  fire-engine,  with  two  working  cylinders,  has  pistons  of  the 
aame  kind.    Thesepistons  were  formerly  named  plungers,  and  the  pumps 
plunger-pumps.     Their  construction  and  action  will  be  understood  oy  the 
figure,  which  represents  one  of  a  number  that  were  em- 
ployed in  the  water-works,  York  Buildings,  London,  in 
the  last  century.    The  piston  was  of  brass,  cast  hollow 
and  filled  with  lead,  the  outside  being  "  turned  true 
and  smooth."     A  short  rod  attached  to  the  upper  end 
of  the  piston  was  connected  by  a  chain  to  the  arched 
end  of  a  vibrating  beam,  that  was  moved  by  one   of 
Newcomen's  engines.  The  piston  was  therefore  mere- 
ly raised  by  the  engine,  while  its  own  weight  carried 
it  down :  to  render  it  sufficiently  heavy  for  this  pur- 
pose, a  number  of  leaden  disks  (or  cheeses,  as  tbev 
yrere  named  from  their  form)  having  holes  in  thetr 
cenDes,  were  slipped  over  the  rod  andrested  upon  the 
jnston,  as  in  the  figure.     These  were  increased  until 
they  were  found  sufRcient  to  press  down  the  piston 
ana  force  dke  water  up  the  ascending  pipe.    The  cup- 
ped leathers  throng  which  the  piston  worked,  were 
similar  to  those  now  used  in  the  hydrostatic  press.     A 
■mall  cistern  was  sometimes  formed  on  the  top  of  the 


pump,  that  die  water  it  contained  might  prevent  sir 
from  entering  through  6ie  stuffing  box  or  between  the 
cupped  leathers :  it  served  also  to  chai^  the  pump 


through  a  small  pipe  or  cock.     A  valve  opening  up- 
wards was  sometimes  placed  just  above  the  plug  of 
_   j_  pw,-_  p-_o.     '^^  cock,  and  the  latter  left  open  when  the  machine 
was  started,  that  the   air  within  the  cylinder  might 
escape  ;  and  as  soon  as  the  w^ter  rose  and  filled  the  pump,  the  cock  was 
■huL    It  ia  imraaterial  at  what  part  of  the  cylinder  the  forcbg  or  ascend- 
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ing  pipe  is  attached,  whether  at  the  bottom,  near  the  top,  or  at  any  inter- 
nie(£ate  place.  Small  pumps  of  this  kind  are  now  commonly  employed 
la  feed  steam  boilers  and  for  other  purposes,  and  are  worked  by  levem 
like  the  ordinary  lilting  and  forcing  pumps,  ihe  pistons  bebg  preserved 
in  aperpeadicular  posidon  by  elings,  &x.  ^ 

These  pumps  are  believed  to  be  of  English  origin,  havii^  been  in* 
vented  by  Sir  Samuel  Morelasd,  "  master  of  mechanics"  to  Oharles  2d. 
Like  some  old  philosophers,  he  exercised  his  ingenni^  in  improving  hy- 
draulic and  other  engmes,  for  raising  water.  Besides  the  plunger  pump, 
for  which  he  obtained  a  patent  in  1675,  he  invented  a  "  cy do- elliptic 
movement"  for  traiumitting  motion  to  piston  rods,  a  figure  of  which  is  in- 
serted by  Belidorin  the  second  volume  of  his  Arch.  Hydraulique.  He  is 
also  the  reputed  inventor  of  die  speaking  trumpet,'  of  a  capstan,  and  a 
steam-engine.  In  1681  he  made  experiments  with  an  engine  consisting  of 
two  or  more  of  his  pumps  at  Windsor,  in  presence  of  the  king  and  court, 
during  which  he  forced  water  from  the  Thames  in  a  continual  stream  to 
the  top  of  the  castle ;  and  according  to  Dr.  Hutton,  "  sixty  feet  higher." 
Morelond  visited  France  the  some  or  the  foUowing  year,  by  order  of  the 
king,  to  examine  the  famous  water-works  at  Marh,  and  while  in  Paris  he 
exhibited  models  of  his  pump  before  the  French  court,  and  also  con- 
structed several  for  his  friends.  In  1683  he  presented  an  account  of  var 
nous  machines  for  raisins  water  to  Louis  14th,  in  a  manuscript  volume 
written  and  ornamented  with  much  elegance;  and  in  1689,  an  account  of 
his  improvements  was  published  in  Paris  in  a  work  enutled,  "  Etevadon 
des  eaux  par  toute  soile  de  machines,  r^duite  &  la  mesure,  au  poida,  i  la 
balance,  par  le  moyen  d'un  nouveau  piston  et  corps  depompe;  et  d'aa 
nonveau  mouvement  cyclo-ellipdque,  et  rejetant  Tusage  de  toute  sorte  de 
manivelle  ordinaires,  par  le  Chevalier  Moreland."  It  does  not  appear  that 
he  ever  published  this  work  in  England,  for  Switzer  had  recourse  to 
Ozanam,  a  French  writer,  for  a  description  of  Moreland's  pump  ;  aa  he 
could  procure  no  English  account  of  it,  "  having  taken  great  pains  to  find' 
out  what  Sir  Samuel  nad  lefl  on  that  head  to  no  purpose."  Ozanam  siatea 
chat  Moreland  spent  "  twelve  years  study  and  a  great  deal  of  money"  to- 
bring  this  pump  to  perfecdon ;  "  and  without  this  new  invendon  it  would 
bave  been  impossible  to  have  reduced  the  raising  of  water  to  weight  and' 
measure,  as  he  has  done."  The  latter  observation  refers  to  the  leadeD> 
weights  placed  on  the  piston  rod,  and  the  quantity  of  water  raised  by 
them;  the  water  and  the  elevadon  to  which  it  w^a  raised  being  compared' 
with  the  snm  of  the  weights  employed  to  force  it  up.^ 

If  we  mistake  not  this  is  the  most  valuable  and  original  modilicadon  of" 
the  forcing  pump  that  modem  times  have  produced.  The  fricdon  of  the 
piston  is  not  only  greatly  reduced,  but  the  boring  of  the  cylinder  is  di»- 
pensed  with ;  an  operadon  of  considerable  expense  and  dimctilty,  pardcu- 
larly  so,  before  efficient  apparatus  for  that  purpose  was  devised.  Another- 
advantage  is  the  facility  of  dghtening  the  packing  without  taking  out  the' 
piston  or  even  stopping  the  pump.     The  value  ofMoreland's  invention  in. 

■  lltere  u  an  instmiDeQi  -nrj  liks  a  ■poaking  tmmset  in  tba  hand*  of  a  figure  in  on* 
of  (b«  illDstratioiia  oflhe  Ensid,  eieoutsd  b  the  Toortb  or  fifth  centiu7,  in  Hm  CSlh  pisia 
of  •■  Paintinf "  in  D'Afmconrt's  Riitoij  of  dte  Fim  Aiti.  It  is  a  coaical  tabs,  ilie 
length  boiDf  **|aal  to  tMI  of  lbs  indlTidas]  Diing  it;  and  \ij  whkii  he  sppean  to  direel; 
ftom  the  lop  ors  toirer.  Lb*  conbatanM  ImIow,  Kircherhaigtrenafigitreof  b  trtupet 
tbrongh  which  lie  tapposed  Alexander  wokB  to  his  amif . 

*  Bee  BwitMi'i  HrdnwUties,  plsle  SS,  pp.  30j.  357.  La  Hotraje'i  TrBvel«,Tri.  iiJ^ 
Lon.  1738.  DaNfDliM^  Pfailoe.  vol.  ii.  366.    Briidor'a  Archiiecinre  HjdnulMgue,  lom. 
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the  eaumuion  of  engineers  a^pean  from  the  incre&suig'  employment 
of  it.  It  is,  moreover,  fiir  aught  that  ia  known  to  tlie  contrvy,  the  pttrent 
cf  the  common  lifting  pump;  and  to  ita  inventor  tLe  double  Beting  ateUD- 
engine  of  Watt  is  in  *ame  meaaure  duo,  the  efficiency  of  that  noble  ma- 
chme  depending  entirely  upon  cloaing  the  top  of  the  cylinder  and  pasiing 
^e  piaton  rod  through  a  atuffing  box — both  of  which  had  already  been 
done  in  thii  piunp.  steam-engines  have  alao  been  constructed  on  the 
mme  plan  as  these  pumps ;  one  long  piston  playing  in  two  hoiisontal  cy- 
linders, and  the  power  transmitted  from  it  by  means  of  a  cross-head  at- 
tached to  the  middle  of  its  length,  aj>d  on  that  part  which  moves  between 
the  stuffing  boxes.  Another  celebrated  machine  ia  also  copied  from  them 
— Bramah's  hydrostatic  press  is  one  of  Moreland's  pumps. 

There  is  another  species  of  plunger  pumps  in  which  the  stuffing  box  is 
dispensed  with,  and  consequently  the  piston  works  without  friction.  A 
square  wooden  tube,  or  a  common  pump  log  of 
sufficient  length,  and  with  a  valve  at  its  lower 
end  is  fixed  in  the  well  as  shown  in  the  figure. 
The  depth  of  the  water  must  be  equal  to  the 
distance  from  its  suriace  to  the  place  of  delive- 
ry ;  and  a  discharging  pipe  oaving  a  valve 
opening  upwards  is  umted  to  the  pump  tree  at 
the  sunace  of  the  water  in  the  well.  The  pis- 
ton (a  solid  piece  of  wood)  is  suspended  by  a 
chain  from  a  working  beam,  and  loaded  suffi- 
ciently with  weights  to  make  it  link.  As  the 
liquid  enters  the  pump  through  the  lower  valve, 
and  stands  at  the  same  level  within  as  without, 
whenever  the  juston  deacendi,  it  necessarily  dis- 
places the  water,  which  ha«  no  other  passage 
to  escf^  but  through  the  disclpuging  pipe,  in 
conaequence  of  the  lower  valve  closing.  And 
when  the  puton  is  again  raised  as  in  the  figure, 
a  fresh  portion  of  water  enters  the  pump  and  ia 
driven  up  in  like  manner. 

Dr.  Robison  observes  that  he  has  seen  a  ma- 
chine consisting  of  two  of  these  pumps,  made 
by  an  untaught  laboring  num.  The  pliing> 
era  were  suspended  from  the  ends  of  a  long 
beam,  on  the  upper  surface  of  which  the  man 
walked,  as  on  (he  picoiah  of  India.  He  stood 
Ko.  iM.  FricUasiDB  Fiufar  on  One  end  till  one  plunger  descended  to  Hut 
""  bottom  of  its  tube,  and  he  then  walked  to  the 

■other  end,  the  declivity  u  first  being  about  25°,  but  gradually  growing  leaa 
as  he  advanced.  In  this  way  be  oaused  the  other  ploager  to  descend, 
and  so  on  alternately. 

By  this  machine  a  feeble  old  man  whose  weight  wu  llOlbs.  ruaed  7 
cubic  feet  of  water  11^  feet  high  in  a  minute,  and  wrought  eight  or  ten 
hours  every  day.  A  stout  young  man  weiring  IStibs.  raised  8^  cubic 
feet  to  the  same  height  in  the  same  lime.  The  application  of  this  pump 
is  extremely  limited,  and  there  is  a  waste  of  power  in  the  water  mat  u 
uselessly  raised  around  the  piston  at  every  stroke. 

The  pistons  of  preceding  machines  are  made  of  solid  materials;  but 
the  pump  now  to  be  described  has  a  liquid  one.  It  was  invented  about 
the  year  1730,  by  Mr.  Joshua  Haskins,  who  made  the  first  experiment  with 
it  in  the  house  uid  presence  of  the  eelelvaled  Deaaguherv.     His  design 
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vu  to  aToid  llie  fiiedos  and  conoequent  lata  of  power  in  common  pip>|Mi 
he  theralbre  "  contrived  a  new  way  of  niaiug  water  withoat  koy  friction 
<^  Bolids  i  makiag  use  of  quicksilver  inatead  Of  leather,  to  keep  die  air  or 
wuber  from  alipping  by  the  aidea  of  the  pistons."  Various  modificationa 
of  it  were  soon  devised  by  the  inventor,  by  Dr.  Desaguliers,  and  by  Mrv 
William  Vreem,  the  assistant  of  the  latter,  "  who  was  an  excellent  mecha- 
nic." One  form  of  it  is  represeated  by  the  figure.  A  is  the  suction  pipe, 
the  lower  end  of  which  is  inserted  in  die  wsier  to  be  raised.  Its  upper 
end  terminates  in  the  chamber  C,  and  is  covered  by  a  valve.  The  forcing 
pipe  B,  with  a  valve  at  its  lower  end,  is  also  connected  to  the  chamber. 
Between  these  valves  -a  pipe,  open  at  both  ends, 
is  inserted  and  bent  down,  as  in  the  figure.  The 
straight  part  attached  to  it  is  the  working  cylinder 
of  the  pump  and  shonld  be  made  of  iron.  Anodier 
a  pipe,  a  Uctle  larger  in  the  bore  tJien  the  last, 
and  of  Che  same  length,  is  made  to  slide  easily 
over  it  This  pipe  is  closed  at  the  bottom  and 
suspended  by  chains  or  cords,  by  which  it  is 
moved  up  and  down.  Suppose  this  pipe  in  the 
position  represented,  and  nlled  with  mercury—if 
It  were  then  lowered,  the  air  in  the  cylinder  and 
between  the  valves  would  become  rarified,  and 
the  atmosphere  pressing  on  the  surface  of  the 
water  in  which  the  end  of  A  is  placed,  would  force 
the  hquid  up  A  till  the  density  (tf  the  contained 
air  Was  the  same  aa  before ;  then  by  raising  iho 
pipe  containing  the  mercury,  the  air,  unable  to  es- 
cape through  the  lower  valve,  would  be  farced 
through  the  upper  one;  and  by  repeating  the  ope> 
ration,  water  would  at  last  nse  and  be  expelled 
in  the  same  viay;providtd  the  elevation  to  whidt 
it  is  to  be  raised  does  not  exceed  thirteen  times 
the  depth  of  the  mercurial  column  around  the  cy- 
linder ;  the  speciGo  gravi^  of  quicksilver  being 
so  many  times  greater  than  that  of  water.  When 
the  depth  of  the  former  is  30  inches,  the  latter 


may  be  raised  as  many  feet  in  the  suction  pipe  and  forced  up  an  equal 
distance  through  the  forcing  one,  making  together  an  elevation  of  nxty 
feet ;  bat  if  water  be  required  higher,  the  depth  of  the  mercurial  column 
in  die  moveable  pipe  must  be  proponinably  increased.  To  make  a  small 
ooaatity  of  mercuiy  answer  the  purpose,  a  solid  piece  of  wood  or  iron 
Uat  is  a  little  less  than  the  cylinder,  is  secured  to  the  bottom  of  the  move* 
able  vessel  as  shown  in  die  centre  i  this  answers  the  same  object  as  an 
equal  bulk  of  meroury. 

These  pumps  have  their  disadvantages  t  they  are  expennve;  andhow< 
ever  well  made,  the  quantity  of  quicksilver  required  ia  considerable — (he 
agitation  consequent  on  the  necessary  movement  soon  ccmveTts  it  into  an 
oxide  and  renders  it  naeleaa — great  care  ia  alao  required  in  <Brorking  these 
maohinea  i  if  the  noovementa  are  not  slow  and  regukr,  the  mercury  la  vety 
apt  to  be  thrown  out ;  to  prevent  which  the  upper  end  of  the  vessel  con- 
taining  it  is  dished  or  enlarged.  For  experim^ilal  researches  modifioa- 
titms  of  such  pumps  may  be  useful,  but  for  die  reasons  above  stated,  they 
have  never  been  extensively  employed  in  the  arts.  A  simple  fbrm  of  one 
is  described  in  a  kte  volume  of  tiie  London  Mechanics'  Magazine,  and 
also  in  the  S2d  vol  of  the  Jovunal  of  the  Franklin  Institute,  p.  327.     See 
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alto  vol.  xxxii,  Phit.  Transactions,  and  Abridg.  vol.  vi,  30S.  DesBguliers* 
Phil.  vol.  ii,  491.  In  Jamieaon's  Dictionary,  p.  86S,  a  mercurial  pump  in 
the  Ibrm  of  a  wheel  is  descnbed. 

The  hydrottatic  preu  is  simply  a  cylindrical  forcmg  puuip,  whose  piston 
is  moved  by  the  water,  instead  of  the  latter  by  it.  A  platen,  on  which  are 
placed  the  articles  to  be  pressed,  is  f^mnected  to  the  upper  end  of  the  piston 
rod;  water  is  then  injected  into  the  cylinder  by  a  much  smaUer  pump, 
and  as  this  liquid  is,  to  sll  praciical  purposes,  ineompreuibU,  the  piston  u 
necessarily  raised,  and  the  articles  brought  against  an  immoveable  plate, 
between  which  and  the  platen  they  are  compressed.  The  degree  of  prea- 
■ure  thus  excited  depends  upon  the  difference  between  the  area  of  the 
pletons  of  the  pump  and  of  the  press.  The  apparatus  exhibits  in  another 
form,  the  celebrated  hydro«tatic  paradox  by  which  the  pressure  of  a  liquid 
column  however  small,  is  made  to  counterbalance  that  of  another  however 
large.  Hydrostatic  presses  have  been  apphed  with  advantage  in  nuine- 
rous  operadons,  as,  expresnng  oil  from  seeds,  presvng  paper,  books,  hay 
and  cotton ;  tearing  up  trees  by  the  roots,  proving  the  strength  of  stctm 
boilers,  metallic  water-pipes,  and  even  cannon.  In  this  city  (New-York) 
ships  of  a  thousand  tons  are  raised  out  of  the  water  to  repair,  by  one  of 
these  machines  erected  at  the  head  of  one  of  the  docks.  The  cylinder 
is  secured  in  a  horizontal  position,  and  the  pumps  are  worked  by  a  steam- 
engine.  The  frame  on  which  the  vessel  floats,  and  by  which  it  is  raised, 
is  suspended  by  a  number  of  chains  on  each  side  that  pass  over  pulleys  avd 
terminate  at  the  end  of  the  piston. 

There  is  a  very  interesting  and  beautifiil  illiurtiation  of  the  principle 
of  Bramah's  hydrostatic  press  in  the  contrivance  by  which  bees  store 
their  honey.  The  cells,  open  at  one  end  and  closed  at  the  other,  are  ar- 
ranged  horizontally  over  each  other,  and  in  that  position  are  ^fiUed  with 
the  liquid  treaaure.  Now  suppose  a  series  of  elaas  tumblers  or  tubes  laid 
on  their  sides  and  piled  upon  one  another  in  like  manner  were  required 
to  be  then  filled  with  water,  it  certainly  wonld  require  some  reflection  to 
devise  a  plan  by  which  the  operation  could  be  performed ;  but  whatevtr 
mode  were  hit  upon,  it  could  not  be  more  ingenious  and  effective  than  that 
adopted  by  these  diminutive  engineers.  At  (he  further  or  closed  extre- 
mity of  each  cell,  they  fabricate  a  moveable  piiton  of  wax  which  is  fitted 
air  tight  to  the  sides,  and  when  a  bee  arrives  laden  with  honey,  (which  is 
oontained  in  a  liquid  form,  in  a  sack  or  stomach,)  she  penetrates  the  piston 
with  her  proboscis  and  through  it  injects  the  honey  between  the  closed 
end  of  the  cell  and  the  piston,  and  then  Mops  the  aperture  with  her  feet. 
The  piston  is  therefore  pushed  forward  as  llie  honey  accumulates  behind 
it,  till  at  lost  it  reaches  the  open  end  of  the  cell,  where  it  remains,  herme- 
tically sealing  the  vessel  and  excluding  the  dr."  As  soon  as  one  cell 
is  thus  charged,  the  industrions  owners  commence  with  another.  It 
will  be  perceived  that  these  pistons  are  propelled  precisely  as  in  the  hy- 
drostatic press,  the  liquid  honey  being  incompressible,  (with  any  force  to 
which  it  is  there  subjected,)  every  additional  particle  forced  in  necessa- 
rily moves  the  piston  forward  to  GtSbrd  the  required  room.  Without  such 
a  contrivance  the  cells  conid  no  more  be  filled,  and  kept  so,  than  a  bncket 
oould  be,  with  water,  while  laying  on  one  side.     Were  the  organisanon 

B,  and  preaclve  it  fhim  STsparalioi 

lept  from  it.  Conid  bomsn  ii^ei 
niftclmodeofsoconiplufaing  the  object  t  Tba  lictis,  !>«•■  ui  thii  mattar,  mi^t  longuo 
DavB  taoght  tnan  ilie  prsctica  wbtch  ii  now  punaid  of  preierring  both  liquid  and  sond 
•UoMnt^pMl  for  jaan — in  tin  mm*  impNriou*  to  Ihs  uj,  and  £001  which  it  has  been 
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of  beei  closely  examined,  it  would  doubdeas  be  found  that  die  relative 
diunetera  of  tbeir  proboscis  and  of  tbe  cells,  and  the  area  of  the  (bellows) 
pumps  in  their  bodies,  are  such  as  are  best  adapted 
to  the  muscular  energy  which  they  employ  in  work- 
ins  die  latter.  Were  it  otherwise,  a  greater  force 
might  be  required  to  iinect  the  honey  and  drive  for- 
ward the  piston,  than  mey  poasess.  In  ths  case  of 
«  hydrostatic  press,  when  the  resistance  is  too  great 
to  M  overcome  by  an  injection  pump  of  large  di^ 
meter,  one  of  smuler  bore  is  employed. 

We  shall  now  produce  a  few  specimens  of  forc- 
ing pumps  with  hollow  pistons,  or  such  as  admit  wa- 
ter to  pass  through  them.  If  a  caramon  atmospheric 
pump  oe  iaverted,  its  cylinder  immersed  in  water, 
and  the  valves  of  the  upper  and  tower  boxes  reversed 
'  as  in  the  figure,  it  becomes  a  forcing,  or,  as  it  if 
sometimes  named,  a  lifHi'g  pump;  because  the  con- 
tents of  the  cylinder  are  lifted  up  when  the  piston  is 
tuaed,  inatead  of  being  driven  out  from  below  by  its 
descent,  as  in  Nos.  116,  117.  In  a  lifting  pump  the 
liquid  is  expelled  from  the  top  of  the  cyhnder — ^in 
a  forcing  one  from  the  bottom — it  is  the  water 
above  the  piston  that  is  rtated  by  the  former ;  and  that  which  enters  be- 
low it,  by  the  latter.  The  piston  rod  in  the  figure  is  attached  to  an  iron 
frame  that  is  suspended  to  the  end  of  a  beam  or  lever  as  in  Nos.  123,  I2i. 
The  valve  on  the  top  of  the  piston,  Uke  that  at  the  end  of  the  cylinder, 
opens  upwards.  When  the  piston  descends  (which 
it  does  by  its  own  weight  and  that  of  the  frame)  its 
valve  opens  and  the  water  enters  the  upper  part  of 
the  cylinder,  then  as  soon  as  it  begins  to  rise  its 
valve  closes,  and  the  liquid  above  it  is  forced  up  the 
ascendine  pipe.  Upon  the  return  of  the  piston  the 
upper  valve  is  shut  by  the  weight  of  the  column 
above  it,  the  cylinder  is  again  charged  and  its  con- 
tents forced  up  by  a  repetition  of  the  movements. 
Machines  of  this  description  are  of  old  date.  They 
were  formerly  employed  in  raising  water  from 
mines.  They  were  adopted  by  Rannequin  in  the 
celebrated  water-works  at  Morli  i  and  by  Lintlaer 
in  the  engines  he  erected  during  the  reign  of  Henry 
4th,  at  Pont  Neuf,  to  supply  Oxe  Louvre  from  the 

As  they  cannot  in  all  locations  be  inserted  con- 
veniently in  the  reservoir  containing  the  water  to 
be  raised,  they  have  sometimes  been  placed  in  cis- 
terns erected  above  the  original  source,  and  sup- 
plied by  atmospheric  pumps  extending  to  it,  as  m 
No.  127.  The  cylinder  of  the  atmospheric  pomp 
terminates  in  the  bottom  of  the  cistern,  and  is  plac- 
ed directly  under  that  of  the  lifting  one ;  the  pistons 
of  both  being  atuched  to  the  same  rod  and  worked 
by  the  same  frame.  Such  was  the  construction  of 
the  old  Parisian  water-works  at  the  bridge  of  No> 
tre  Dame.     These  consisted  of  a  series  of  pwnn 


the  figore.  and  woi^ed  by  an  undershot  wheeL 
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If  the  head  of  a  caaaaoa  pomp  (No.  90)  be  closed,  excvpc  an  openisff 
through  which  the  rod  works,  or  may  be  worked,  it  ii  then  convened 
into  B  lifting  pump,  and  will  raise  water  to  any  elevation  through  a.  pipe 
attached  to  the  sponL  The  earliest  specimen  that  we  have  met  with  is 
represented  by  the  138th  figure,  from  Areola.  Although  a  rude  device, 
it  la  interesting  as  iUuBtrative  of  the  resources  of  old  mining  engineers,  in 
modifying  and  applying  the  common  wooden  pump  under  a  varicly  of 
The  ,.  .  , 


Ihe  upper  parts  of  two  atinoepheric  pumps  terminate 
in  a  close  chamber  or  strong  box,  (two  sides  of  which  are  removed  in  the 
figure  to  show  its  interior,)  their  lower  ends  extending  into  water  coUected 
at  a  lower  depth  in  the  mine.  From  the  top  of  the  box  a  forcing  pipe  is 
conunued  to  the  surface  of  the  ground,  or  to  another  level  in  the  mine, 
from  which  the  water  raised  through  it  can  be  discharged.  The  piston 
rods  are  worked  by  a  double  craidt,  one  end  of  which  turns  in  a  socket 
formed  in  the  inside  of  the  chamber,  and  the  other  ia  continued  through 
the  opposite  side  and  bent  into  a  handle  by  which  the  laborer  works  tb« 
machme.  Two  collars  sre  formed  on  the  crank  axle,  one  clnae  to  the  ont- 
•ide,  and  the  other  to  the  inside  of  that  part  of  the  chamber  through  which 
it  passes,  and  some  kind  of  packing  seems  to  have  been  used  to  prevent 
the  water  from  leaking  through.  Four  iron  arms  with  heavy  balla  at  their 
«nds  are  secured  to  the  axle  to  equalise  the  movement.  These  were  the 
old  substitutes  for  the  modem  fly-wheel :  they  were  quite  common  in 
•11  kinds  of  revolving  machinery  in  the  l&di  and  16th  centuries. 


n«.IM.    LUUDiPiuvbiHiiAtrieali.  Hii.tl>,    Modw* LUUai Pop, 

The  modern  form  of  the  litbng  pump  is  represented  in  figure  No.  189. 
The  working  cylinder  being  generally  brass  or  copper,  and  havine  a 
strong  flauch  at  each  end  :  the  upper  one  is  covered  by  a  plate  with  » 
■tuffing  box  in  the  centre,  thmugh  which  the  polished  piston  rod  moves ; 
and  the  under  one  by  another  to  which  the  suction  pipe  is  attached,  and 
whose  orifica  is  covered  by  a  valve.     To  the  forui^  or  diacbai^png  pipa 
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ft  coek  is  eonunoDly  aoldered  u  in  No.  118,  to  anpply  trater  whan  r9- 
oairad  at  the  pump.  This  is  one  of  the  most  useful  forms  of  the  pump 
for  household  purpose* :  it  may  be  placed  in  the  kitchen,  ceUtr  or  yaroi, 
•nd  will  not  only  dnw  water  from  a  well,  but  will  finve  it  up  to  eveiy 
floor  of  a  dwelling,  and  stilt  answer  every  objetA  of  the  ordinary  aonos- 
pheric  pump;  and  if  an  air-vessel  be  connected  to  the  pipe,  as  in  No.  120, 
It  ipill  then  become  a  domestic  fire-engine ;  and  when  a  sufficient  lengA 
of  hose  pipe  is  kept  at  hand,  water  may,  in  case  of  fire,  be  conveyed  in  a 
tew  moments  to  any  part  of  the  bnildine.  Deiagulier^  a  century  ago,  i»- 
eommended  this  application  of  it,  and  it  is  surprising  that  it  has  not  be- 
come  more  general.  The  following  extract  from  a  pump-maker's  circular, 
120  years  stiLce,  refers  to  it.  "  Piunps  which  tnay  be  worked  by  one  man, 
for  raising  wat«r  out  of  any  well,  upwards  of  120  feet  deep,  sufGcient  for 
the  service  of  any  private  bouse  or  ftmily,  and  so  contrived  that  by  tam- 
ing a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessel 
in  any  room;  and  oy  screwing  a  leather  pipe  the  water  may  be  conveyed 
either  up  stairs,  or  m  at  a  window,  in  case  of  any  fire."  Switzer's  Hy- 
drostatics, 362. 

Although  the  valve  in  the  ascending  pipe  is  not  an  essential  port  of 
Aese  pumps,  it  is  a  valuable  addition,  since  it  removes  the  pressure  of  the 
liquid  column  above  it  from  the  stutKng  box,  when  the  pomn  is  nbt  in  use. 
The  inventor  of  these  pumps  (and  of  the  stuffing  box)  is  nnltnown.  They 
are  described  by  DesoguUers,  Belidor,  and  other  writers  of  the  lost  oen- 
tn^  as  then  common,  and  they  are  figured  in  the  6tli  volume  of  machine* 
and  inventions  approved  by  the  Frei^  Academy,  p.  19. 

Sometimes  the  cylinder  itself  has  been  made  to  answer  the  purpose  of 
an  air-vessel.  With  this  view  it  is  made  longer  than  usual,  and  ue  dil- 
cbarging  pipe  is  connected  to  the  middle  of  its  length,  htloie  which  the 
piston  works.  The  air  is  therefore  compressed  in  ue  upper  part  of  the 
cylinder,  but  as  it  is  Uable  to  escape  at  the  joints  and  throngh  the  staf^ 
tng  box,  a  separate  vessel  is  &t  preferaUe.  Mr.  Martin,  in  the  Sd  vol.  of 
his  Philosophy,  has  figured  and  described  a  pump  of  this  kind,  which  he 
says  was  the  mvention  of  Sir  James  Creed. 

In  1815,  the  London  Socie^  of  Arts  awarded  a  silver  medal  and  fifleen 
guineas  for  a  lifting  pump  with  two  pistons.  The  cylinder  was  mode 
twice  the  usual  length,  and  each  end  famished  with  a  stuffing  box  through 
which  two  separate  rods  worked.  The  suction  pipe  being  attached,  like 
die  forcing  one,  to  the  side  of  the  cylinder;  the  lower  piston  was  inverted 
having  its  valve  on  the  top  as  in  No.  126.  The  outer  ends  of  the  rods 
were  connected  to  the  centre  of  two  small  wheels  or  friction  rollers  which 
moved  between  two  guide  pieoes,  and  thus  preveuted  the  rods  from  de- 
viating from  the  centre  of  lie  cylinders;  the  upper  wheel  was  connected 
by  a  short  rod  to  the  pump  lever  as  in  the  common  pumps,  and  the  other 
one  by  a  longer  rod  (bent  at  its  lower  part)  to  the  same  lever,  hut  on  the  op- 
poaito  side  (M  the  fulcrum ;  so  that  as  one  was  raised  the  other  was  towered ; 
hence  the  two  pistons  sllemately  approached  to  and  receded  from  eacti 
otlter,  and  consequently  one  of  uiem  was  always  forcing  up  water  when- 
ever the  machine  was  at  work.  Transactions  Soc.  Arts,  vol.  xxxiii.  llfi. 
We  believe  these  pumpa  have  never  been  mnchused,  nor  do  we  think  they 


possess  any  advantages  over  two  separate  ones;  for  they  are  to  all  intents 
and  purposes  double  pumps.  The  cylinder*  are  twice  the  li 
-they  have  two  pisttnu,  two  roiis,  two  stuffing  boxes,  i 
amount  of  friction  of  single  ones.     Two  distinct  pumpe  are  more  ecooo- 


mical.     After  one  of  the  above  has  been  a  little  white  in  use,  air  will  ni»- 
SToidahly  !»<■■»»■»■><»  itself  tluoagh  tlia  tower  acnffing  box  and  ditniniih  of 
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destroy  the  vacuain  upon  wbich  tlie  eScieney  of  tLe  machine  depeudt. 
The  Bome  remarks  apply  W  these  that  were  nude  on  atmospheric  pumps 
with  two  pistons,  at  page  S27. 

There  is  a  pump  with  two  pistons  in  Bessao's  Theatre  des  Instrumcns, 
which  shows  that  such  devices  were  known  in  the  16th  century.  It  con- 
sists of  a  square  trunk  four  or  five  feet  in  length,  and  the  bore  fire  or  six 
inches  across,  immersed  perpendicularly  in  water  at  the  bottom  of  a 
well ;  its  lower  end  being  open  and  the  upper  one  closed,  except  at  the 
centre,  where  an  opening  is  lefl  and  covered  by  a  valve.  A  square  piston, 
with  its  valve  opening  upwards,  is  fitted  to  work  in  the  trunk  from  below 
by  a  rod  connected  to  its  under  side,  as  in  No.  126.  A  lever  passes 
through  the  lower  part  of  the  trunk,  (through  slits  made  for  it  in  two  op- 
posite Eide^,)  one  end  of  which  is  secured  to  a  piece  of  timber  walled  in  the 
well,  by  a  pin,  on  which  it  moves ;  and  the  other  end  extends  to  the  ap- 
posite side  of  the  trunk,  where  it  is  hooked  to  a  chain  that  reaches  from 
the  pump  broke  at  the  top  of  the  well.  The  lower  end  of  the  piston  rod 
is  connected  by  a  bolt  to  that  part  of  the  lever  that  is  within  the  trunk. 
This  apparatus  forms  the  lifting  or  forcing  port  of  the  machine.  A  com- 
mon pump  tree  or  bored  tog  extends  from  the  place  to  which  the  water 
is  to  be  raised,  to  the  top  of  the  trunk,  and  the  junction  with  the  latter 
made  perfectly  tight:  an  upper  box  or  piston  with  ita  rod  is  fitted  to  work 
in  the  tree  like  an  ordinan  wooden  pump,  while  the  valve  on  the  trunk 
answers  the  purpose  of  a  lower  box.  This  rod  is  attached  to  the  brake  on 
one  aide  of  Uie  fulcrum  and  the  chain  that  is  connected  to  the  lever  and 
lower  rod  to  the  opponte  side,  so  that  as  one  piston  rises  the  other  de- 
scends and  a  constant  stream  of  water  is  discharged  above. 

.  This'is  the  oldest  pump  with  two  pistons  that  we  know  of,  and  it  has 
one  advantage  over  others,  viz  :  in  raising  water  without  changing  its  di- 
rection.     We  at  first  intended  to  insert  a  figure  of  it,  but  the  apparatus 
for  working  it  is  too  complicated  for  popular  illuatration.     Although  mo- 
tion is  imparted  to  the  piston  as  noticed  above,  it  is  not  done  directly,  bat 
by  means  of  such  an  enormous  amount  of  complex  and 
useless  machinery  as  would  excite  amaaement  in  a  mo- 
dem mechanician.    There  is  an  assemblage  of  roda  and 
levers,  tongs  and  laiy  tongs,  chains,  right  and  left  hand- 
ed screws,  a  heavy  counterpoise  and  a  masuve  pendu* 
lum,  &c.,  all  of  which  are  required  to  bo  put  in  motion  be- 
fore the  pistons  can  be  moved.  A  figure  of  such  a  pump 
would  possibly  interest  some  readers  as  a  matter  of 
curiosity,  for  certainly  a  rarer  example  of  the  waste 
of  power  could  not  well  be  imagined  :   it  presents  as 
clumsy  and  "  round-about"  a  mode  of  accomplishing  a 
very  simple  purpose,  as  that  of  the  genius  who,  in  top- 
ping a  cask   of  wine,  never  thought  of  inserting  the 
spigot  into  the  barre),  but  attempted  to  drive  the  barrel 
on  the  spigot, 

Sometimes  pumps  with  solid  and  hollow  pistons  are 
oombined  as  in  No.  130,  a  contrivance  of  Mr.  Treve- 
thiok.  The  cylinder  of  a  forcing  pump  communicates 
with  that  of  on  atmospheric  one  ;  both  piston  rods  are 
connected  to  a  cross-bar  and  rise  and  fall  together.  When 
the  pistons  are  raised  the  water  above  that  in  the  long 
(or  atmospheric)  cylinder  is  discharged  at  the  spout,  anct 
the  space  below  them  is  filled  by  l£e  atmosphere  fofo- 
ing  up  fresh  portious  through  the  suotion  pipe.    Wh«a 
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die  pUtoni  dBKead,  die  nlva  on  die  anclioii  pipe  closes,  ftnd  tlie  so&d 
piston  drives  the  water  in  its  cylinder  dtrongli  the  hollow  one  in  the  other. 
BO  that  whether  rising  or  falling  the  Uqaid  condnuea  to  flow.  As  both 
cylinders  are  filled  at  the  same  time,  the  bore  of  the  sucdoii  pipe  should 
be  propordonably  enlaived.  The  plate  bolted  over  the  opening  at  the 
lower  part  of  one  cyhikder  is  to  ^to  access,  in  luge  pomps,  to  the 
lower  valve.    - 

In  some  pumps  both  a  solid  and  a  hollow  piston  are  made  to  work  in 
the  same  cylinder.  Such  were  those  that  conatitnted  the  "  rangle-cham- 
ber  fire-engine"  of  Mr.  Perkins.  A  plunger  worked  through  a  stuffing 
bos  as  in  No.  123,  and  its  capacity  was  about  half  that  of  the  cylinder; 
consequendy  on  descending  it  displaced  only  that  proportion  of  the  contents 
of  the  latter.  The  i^rtures  of  discharge  were  at  the  upper  part  of  the 
cylinder,  and  a  single  receiving  one  at  the  hotcom.  From  the  lower  end 
ot  the  plunger  a  short  rod  prcijected,  to  which  a  hollow  piston  or  satiker 
was  attached,  fitted  to  work  close  to  the  cylinder,  so  that  when  the  plunger 


s  raised,  this  piston  forced  all  the  water  above  it  through  the  disch^g- 
ing  apertures.  To  convert  one  of  these  pumps  into  a  fire-engine,  the  cy- 
linder of  the  pump  was  surrounded  by  a  shorter  one  of  sheet  copper,  the 


lower  end  of  which  was  left  open,  and  its  upper  one  secured  air-d 
the  flanch  of  the  pump ;  the  space  left  between  the  two  forming  a  passaga 
for  the  water  expelled  out  of  the  inner  one.  A  larger  and  close  cylinder 
encompassed  the  last,  and  the  space  between  them  was  the  air  chamber,  to 
the  lower  part  of  which  a  hose  pipe  was  attaohed  by  a  coupling  screw 
in  the  usual  way. 

Such  pumps  are  more  compact  than  those  with  two  cylinders,  bnt  they 
are  more  complex,  less  efficient,  and  more  difficult  to  keep  in  order  and  to 
r^Mir.  The  Iriction  of  the  plunger  and  sucker  is  much  greater  than  that 
of  the  piston  of  an  ordinary  double  acting  pump  of  the  same  dimensions  { 
and  the  latter  discharges  double  the  quantity  of  water ;  for  although  donbltt 
acting,  the  effect  of  these  pumps  is  only  equal  to  single  acting  ones.  For 
die  above  reasons  they  have,  we  believe,  become  o^lete  or  nearly  so. 


CHAPTER    V. 
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iiiliU7~-PiiMp  iilili  lUdlii  bnUHBt— Ttn- 
Mt'i  uiin  ud  piBp— FniKb  roUiry  pump— Bnmih  ud  OlckeiiHii^  pnnp— Kotiqi  puapi  with  pit- 
*IH  la  Iba  fiuiB  of  nix*— CeiilHni(il  pump— Dafecu  tf  roUrj  rnmpt  Biiijirpcuin  nitU7  piapa) 
A  JnaA  au— Aa  EafUik  OH-Snheti  al  Ibsu  puapt 

No  one  can  study  the  past  and  present  l^tory  of  numerous  machine* 
and  devices  without  perceiving  a  striking  uniformi^  in  the  efforts  made 
to  improve  them  in  distant  times  and  countries ;  the  same  general  defects 
and  sources  of  defects  seem  always  to  have  been  detected,  and  similar  me- 
dtods  hit  upon  to  remedy  or  reniove  them ;  the  same  ideas,  moreover,  led 
inventon  to  modify  and  apply  machines  to  other  purposes  diau  those  .for 
which  they  were  originally  designed,  and  also  to  increase  their  effect  by 
'obanging  the  nature  and  i&rection  of  their  modons.  So  uniform  have  brna 
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tlifl  epacnlatioiiB  of  ingsnioiu  loen  in  thoM  reipeota,  that  one  mi^t  be  kI- 
most  led  to  sofqxMe  die;  hod  resumed,  like  the  lower  aniiriBls  from  a  com- 
mon ''""''WTt ;  wd  diot  the  adage  of  Solomon,  "  there  is  no  new  thing  un- 
der th«  «un,"  wu  u  ^plicable  to  the  invendonfl  of  man,  as  the  works  of 
nature.  It  would  iadeM  be  no  very  hard  task  to  show  that  the  preacher 
was  oorreot,  to  on  extent  not  genenlly  believed,  when  he  penned  the  fol- 
lowing interrogatory  and  reply — "  Is  there  any  thing  whereof  it  may  be 
said,— See,  this  is  new  t — it  katk  betn  o^  old  tme  which  was  before  ds." 
Did  a  modem  wvan  inrent  some  peculiar  surgical  iuatrumenta  of  great 
merit  t— ■iinihu'  onea  were  subsequently  discovered  in  the  rains  of  Pnm- 
peii.  Have  patents  been  isaued  in  late  years  for  economising  fuel  in  the 
heating  of  water,  by  making  the  liquid  circulate  through  hollow  grate 
bars  i-— the  same  device  has  been  found  applied  to  ancient  Roman  boilers. 
And  the  recent  practice  of  urging  fires  with  currents  of  iteam(HliopBtented) 
wa«  quite  common  in  the  middle  ages.  (See  remarks  on  the  Eolipile  in 
the  next  book.)  Numbers  of  such  eumples  might  be  addnced  from  al- 
most every  department  of  the  useful  arts. 

From  the  earliest  times  it  has  been  an  object  to  convert,  whenever  prac- 
ticable, the  rectilinear  and  ret^rocadng  movements  of  machines  into  cir- 
cular and  continuous  ones.  Old  machuists  leem  to  have  been  led  to  thb 
resnit  by  that  tact  or  natural  sagacity  that  ia  moi;B  or  less  common  to  all 
times  and  people :  thus  the  dragging  of  heavy  loads  on  the  ground  led  to 
the  adoption  of  wheels  and  rollers — hence  our  carta  and  carriages  : — the 
rotary  movements  of  the  drill  and  the  wimble  superseded  the  altemating 
one  (M  the  punch  and  gouge,  in  making  perforations : — the  horizontal  wheel 
of  the  potter  rendered  modeUng  of  clay  vessels  by  hand  no  longer  neces- 
sary:—-the  whetstone  gave  way  to  the  revolving  grindstone : — lie  turning 
lathe  produced  round  lorms  infinitely  more  accurate,  and  expedidously  than 
the  uncertain  and  irregular  carving  or  cutting  away  with  Uie  knife.  The 
fptem,  or  original  hand  mill,  was  more  efficacious  than  the  alternate  action 
of  the  primitive  pestle  and  mortar  for  bruising  grain ;  and  the  various 
forces  by  which  com  mills  have  subsequently  been  worked,  have  always 
been  ^plied  through  revolving  mechanism.  The  short  handles,  on  the 
moveable  stone,  bv  which  females  and  slaves  moved  it  round,  became  in 
time  lengdtened  mto  levers,  and  Being  attached  to  the  peripheries  of 
laiger  stones,  slaves  were  sometimes  yoked  to  them,  'who  ground  the  grain 
by  walking  round  a  drcular  path.  Subsequently  slaves  were  replaced  by 
tuumolB,  and  these,  in  certain  locations,  by  inanimate  agents — wind  and 
water.  The  period  is  unknown  when  man  first  derived  rotary  motion 
from  the  strught  currents  of  fluids,  for  there  is  no  sufficient  reason  to  be* 
lieve  that  the  water  mill  located  near  the  residence  of  Mithridates  was  the 
first  one  ever  used  in  Grinding  com  ;  tAat  may  hare  been  the  one  first 
known  to  the  Romans ;  out  it  is  very  probable  that  such  machines  as  well 
OS  wind  mills  were  in  use  in  Egypt,  Syria,  China,  and  other  parts  of  Asia, 
in  times  that  extend  far  beyond  the  confines  of  authentic  history.  An  epi- 
gram of  Andpater,  a  contemporary  of  Cicero,  implies  that  water  mnis 
vrere  not  then  very  common  in  Europe.  "  Cease  your  work,  ye  maids, 
ye  who  laboured  in  the  mill  :^eep  now,  and  let  the  birds  sii^  to  the  ruddy 
morning,  for  Ceres  has  commanded  the  water  nymphs  to  perform  your 
task ;  Utese,  obedient  to  her  call,  throw  themselves  on  the  wheel,  force 
round  the  axle-tree,  and  by  these  means  the  heavy  mill." 

Rotary  motionB  were  favorite  ones  with  ancient  philosophers :  rbey 
oonsidered  a  circle  as  the  most  perfect  of  all  figures,  and  erroneously  con- 
oluded  that  a  body  in  motion  would  naturally  revolve  in  one. 

To  the  oulMlitution  of  circtdar  for  strai^t  modons,  and  of  contimious  fbir 
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■Itemating  ones  may  be  attributed  nearly  all  the  c&nreniencee  and  elegam- 
tMt  of  civilised  life.  It  ii  tiot  too  mnab  to  amen  that  the  preMot  advanoed 
■tate  of  Boience  and  the  arts  ia  due  to  reTotving  mechaniim ;  we  may 
speak  of  the  wonden  that  ateam  and  other  motive  agents  have  wrought, 
but  what  could  they  have  done  without  this  means  of  employing  tli«n  1 
The  apphcatioii  of  rotary,  in  place  of  other  movements,  is  conspicuous  Id 
modern  machinery ;  from  that  which  propels  the  stately  Bt«am  ship  throng 
the  water,  and  those  flying  chariots  named  "  locomotires"  over  the  land, 
to  tbM  which  is  employed  in  the  manu&ctura  of  pins  and  pointing  of  nee- 
dies.  It  is  b  V  this  that  the  irregular  motion  of  the  ancient  flail  and  primeval 
neve,  have  become  uniform  in  thrashing,  bcldng  and  winnowing  machines ; 
—hence  our  circular  saws,  Bhears  and  slitting  mills ; — the  abolition  of 
the  old  mode  of  spreading  out  metal  into  sheets  with  the  hammer,  by 
the  more  expedidous  one  of  passing  it  through  rollers  or  flotdng  mills : — 
and  hence  revolving  oars  or  paddle  wheels  for  the  propulsion  of  vessels— 
the  process  of  inking  type  with  rollers  in  place  of  nand  balls — rotary  and 
power  printing  presses — and  revolving  machines  for  planing  iron  and 
other  metals  instead  of  the  ancient  pracdce  of  chipping  off  superfluous  por- 
tions with  chisels,  and  the  tedious  operaiiou  of  smoothing  the  lurfacea 
with  files. 

But  in  few  things  is  the  effect  of  this  change  of  motion  more  conspi- 
cuous than  in  the  modern  appantus  for  preparing,  spinning  and  weaving 
vegetable  and  other  fibres,  into  fcbrics  for  dotting.  Tbe  simple  applicatten 
of  rotary  motions  to  these  operations  hu  in  a  great  d^ree  revolutionized 
die  domestic  economy  of  the  world,  and  has  increased  the  general  com- 
ferts  of  our  race  a  hundred  fold.  From  the  beginning  of  tune  females 
have  spun  thread  with  the  distaff  and  smndle :  Naamah  the  antediluvian, 
and  LacheNS  and  Omphale  the  mythoii^cal  spinsters,  have  been  inn- 
tated  in  the  use  of  these  implements  bv  the  induatrious  of  their  sex  in  all 
ages  and  countries  to  quite  modem  ^ys,  and  even  at  present  they  are 
employed  bv  a  great  part  of  the  human  fiunily.  In  India,  China,  Japan, 
and  geuer^^  through  all  the  East,  as  well  aa  b^  the  Indians  of  this  he- 
misphere, this  mode  of  making  direod  i*  continued  :  the  filaments  are 
drawn  from  the  distaff  and  twisted  by  the  finger  and  thumb,  the  thread 
being  kept  at  a  proper  tension  by  a  metallic  or  other  spindle,  sus- 
pended to  it  like  tne  plummet  of  a  builder's  level,  and  tbe  momentum  of 
which,  while  tnming  round,  keeps  twisdng  the  yam  or  thread  in  the 
interim  of  repeaung  the  operation  with  the  fingers.*     The  thread  as  it  ia 

There  BTennmHvaialhtMaM  tabiatoi^  tothnprimilire  mode  of  tp inning,  that  ura 
'-'- ithwtntivaof  uoiaataunMn.  At  tha  battle  of  Salmi*,  dmen  Artemisia  o«i»> 


1  Ibe  Peniu  fleet,  and  Xerxea,  aa  a  eooiplinam  to  bar  braveiy,  • 


etbj 
<a  ■tiemptod 

, , __,. inbii  UBCODlb  naaner  ^ 

iaUtmr  tbe  diaUC  Among  the  Greeiu  and  Romana,  the  ritei  of  marrUge  dirocled  iba 
BttendoD  orwonwn  to  apiDning  ;  a  distaff  and  fleece  were  tbe  embleau  nod  objecia  of 
tbabowawiA'abbora;  and  ao  tbej  were  amcing  tba  Je«r>— "  A  virtnona  woman  t*ars 
Soloiaon]  lajnnb  bet  hand*  to  the  apiodta  and  bor  baa^  brid  the  dktaff."  Wboa  L» 
cretia  WM  aorprisad  by  tbe  viait  of  Collatinit*  and  bia  eoaipanioni  or  tha  camp,  Bl(bou|h 
tbe  night  waa  far  adTUKed,  tbey  foand  her  wiib  ber  maida  engaged  in  spinning.  A 
..:_.:_.  n»-j  :_  d__.^ii  .-___-^  in — —j  ..  ■.: „  p,,^  ^^  concasled 


paintiM  (baad  in  Pompeii  lepreaenb  Uhasea  sealed  ai  hi* 
nailer  nenibsf  abaHsr;  P«iwlaH,wbo  iaiaqairinc  tf  Ai 
tidiDc*  of  bar  huband,  boUa  ia  oae  band  sipiDdle,  aa  iT  just  t 
the  Dienaiiieni*  of  Bmi  Hanan  both  men  and  women  are  i 


apianis^.    Ob 
are  rapresenlod  npinniDC  ""^ 
the  mnseunu  uf  Earope.     Sat 
■pinning  while  goins  for  water,  at  page  SS. 
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formed  ia  wound  round  tlie  Bpindle.  In  1530  Jorgen  of  Bmnawick  de- 
▼Ued  B,  machine  which  diipemed  with  this  intermimng  actioii  of  the  iingers, 
i.  «.  he  invented  the  spinoiiig  ttAeeJ,  which  rendered  the  operation  of 
twisbng  the  filunenta  uniform.  The  wheel,  however,  like  the  primitive 
appEtrUua  it  was  designed  to  lupereede,  produced  only  one  thresd  at  a 
tune;  but  in  the  lost  century  Hargreaves  produced  the  "  Bpinning  jenny," 
by  which  a  single  person  on  Utnmtg  a  wked,  could  spin  eighty-four  threads 
at  once;  then  followed  the  "rollerB"ofArkwright,  the  "mule"  ofCrompton, 
to  which  may  be  added  the  "  gin"  of  Whitney,  and  also  "  carding  engines," 
in  place  of  the  old  hand  cards,  all  composed  of  and  put  in  motion  by 
revolving  machinery  : — these  have  indefinitely  extended  the  spinning  of 
thread,  and  relieved  females  from  a  species  of  labor  that,  more  than  any 
odier,  occupied  their  attention  from  the  beginning  of  the  world ;  and  lastly 
"  power  looms"  impelled  by  water,  wind,  steam,  or  animals  (through  the 
agency  of  circular  movements)  are  rapidly  superseding  the  irregular  and 
Uternatiiig  motion  of  human  hands  in  throwing  the  shuttle  to  and  fro. 

The  conversion  of  intermitting  into  continuous  circular  movements  is 
also  obvious  in  ancient  devices  for  raising  water.  The  alternate  action  of 
the  swape,  the  jantu  and  vibrating  gutter  thus  became  uninterrupted 
in  the  noria  and  tympanum- — the  irregular  movement  of  the  cord  and 
bucket  became  uniform  in  the  chun  and  pots ;  and  so  did  the  motion  of 
the  [dtcher  or  pail  aa  used  by  hand,  when  suspended  lo  the  rim  of  a  Fer- 
uan  whceL  And  when  the  consQuction  of  machines  did  not  allow  of  a 
suitable  change  or  form,  they  were  often  worked  by  cranks  or  other  simi- 
lar movements,;  (of  diis  several  examples  are  given  in  preceding  pages;) 
but  in  no  branch  of  the  arts  has  this  preference  for  circular  movements 
over  straight  ones  been  so  signally  exhibited  as  in  die  numerous  rotaiy 
pumps  and  steam  engines  that  have  been  and  still  are  brought  forward ; 
and  m  no  department  of  machinery  has  less  success  attendea  the  change. 
Most  of  these  machines  that  have  hitherto  been  made  may  be  considered 
as  failures ;  this  result  is  consequent  on  the  practical  difficulties  attending 
their  constractian,  and  the  rendering  of  them  durable.  These  difficulties 
(which  will  appear  in  the  sequel)  are  to  a  certain  extent  unavoidable,  so 
tJiat  the  prospect  of  superseding  cylindrical  pumps  and  steam-en^es  is 
probably  as  remote  as  ever. 

At  an  early  stage  in  the  progress  of  the  machines  last  named,  it  became 
a  desideratum  with  engineers  to  obtain  a  condnnous  rotary  movement  of 
the  piston  rod  in  place  of  the  ordinary  rectilinear  and  reciprocating  one, 
that  the  huge  "  walking  beam,"  crank  and  connecdng  shaft  might  be  dis- 
pettsed  with,  the  massive  fly-wheel  either  greatly  reduced  or  abandoned, 
and  the  power  saved  that  was  consumed  in  overcoming  their  inerna  and 
friction  at  every  stroke  of  the  piston.  Reasoning  analogous  to  this  had 
long  before  lea  some  old  mechanicians  to  convert  the  motion  of  the  com- 
mon ptimp  rod  into  a  circular  one ;  in  other  words,  to  invent  rotaty  or 
rotatory  pumps.  By  these  the  power  expended  in  constantly  bringing 
all  the  water  in  the  cylinder  and  sucdon  pipe,  atCemately  to  a  state  of  rest 
and  modon  was  saved,  because  the  liquid  is  kept  in  constant  motion  in 
passing  through  them.  The  steam  engine  was  not  only  originally  de- 
designed  SB  a  Buhsdtute  for  pumps  to  raise  water,  but  in  ul  the  variety  of 
its  forms  and  modiflcatianB  it  has  retained  the  same  analogy  to  pumps  as 
these  have  to  bellows.  One  of  the  oldest  of  modem  rotary  steam  engines, 
that  of  Murdoch,  was  a  copy  of  an  old  pump,  a  figure  of  which,  No.  131, 
ia  taken  from  S«^rviere's  collecdon. 

Two  cog  wheels,  the  teeth  of  which  are  fitted  to  wotk.  accurately  into 
each  other,  are  enclosed  in  ta  elliptical  case.     The  udes  of  theae  wheab 
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tarn  close  to  tboae  of  itue  caae,  to  that  water  cumot  enter  between  them. 
The  &xle  of  one  of  the  xrbeeLi  is  continiied  ihrau^  one  tide  of  the  cbm, 
(which  u  remoTed  in   the  figure  to  ahow  the   interior,)  and  the  opening 
made  tight  by  a  StuSing  box  or  coUar  of  leather.  A  crank  is  applied  to  the 
end  to  turn  it,  and  ag  one  wheel  revolre*, 
itneeesMrily  turns  the  other;  the  direc- 
tion of  their  motions  being  indicated  \>y 
the  anowB.     The  wuer  diat  enterg  the 
lower  part  of  the  case  is  swept  up  the 
ends  by  each  cog  in  rotadon,  and  as  it 
cannot  renirn  between  the  wheels  in  c< 


sequence  of  the  coga  being  there  alwaya 
in  contact,  it  must  necessarily  rise  in  the 
ascending  or  forcing  pipe.  The  machine 


s  therefore  both  a  sucking  and  forcing 
one.  Of  rotary  pumps  this  is  not  only 
one  of  the  oldest,  but  one  of  the  best. 
Fire  engines  made  on  the  same  plan  were 
patented  about  twen^-five  years  ago  in 
England,  and  more  recentiy  pumps  of 
the  same  kind,  in  this  country.  We  have 
seen  one  with  two  dliptuai  wheels, 
.,     ^  .,        n       ^     a .  which  were  so  geared  tiat  the  lonnr 
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axis  01  one  wheel  might  comcide  (m  one 
position)  with  the  short  one  of  die  other.  Sometimes  a.  groove  is  made 
along  the  face  of  each  cog,  and  a  strip  of  leather  or  oUier  packing  se- 
cured in  it. 

The  pump  figured  above  is  believed  to  have  been  known  long  before 
S^rviere's  time,  a  model  of  it,  as  of  other  interestiiig  machines,  having 
been  placed  in  his  museum  without  regard  to  its  origin.  Ramelli  is  said 
to  have  desoribed  some  similar  ones  m  the  middle  of  the  16th  century, 
but  we  have  not  been  able  to  procure  a  copy  of  his  book.  The  suction 
pipe  in  the  preceding  figure  has  been  added.  In  the  original  the  water 
entered  directly  through  the  bottom  of  the  case  :  the  otodel  was  probably 
BO  made  that  part  of  the  wheels  mi^ht  be  visible,  and  the  construction  and 
operation  of  the  maohine  more  easuy  comprehended. 

S^rviere  was  a  French  gentleman,  bom  at  Lyons  in  1593.  Indepen* 
dent  in  his  circumstances,  and  inclined  to  mechanical  researches,  be  waa 
led  to  establish  a  cabinet  of  models  of  rare  and  curious  machines — of 
these  some  were  invented  by  himself  end  diaplayed  nncommon  ingenuity. 


It  does  not  appear  that  any  account  of  the  miole  was  ever  pabliahed ;  B 
part  only  being  included  in  the  small  volume  edited  by  his  grandson,  the 
title  of  which  we  have  given  at  the  foot  of  page  63.  That  work  is  divided 
into  three  parts :  the  first  relates  to  figures  formed  in  the  lathe,  as  sphere*, 
cube*,  elUpses,  dec. ;  some,  being  hollow  and  containing  o^ers  within 
them,  like  Chinese  bolls,  are  extraordinary  specimens  of  workmanship. 
There  are  also  vases,  urns,  &c,  not  only  round  and  elliptical,  but  angular, 
eo  that  not  only  were  the  oval  and  eccentric  chucks  known  to  S^rviere, 
but  the  lathe  for  turning  irregular  surfaces  appears  to  have  been  nsed  by 
him.  The  second  part  contains  an  account  of  clocks  all  made  by  himself, 
the  mechanism  of  which  is  exceedingly  ingenious.  Some  are  moved  by 
■MHngs,  others  by  weights,  water,  sand,  &c.  They  are  fiilly  eqnal  to  any 
&ing  of  the  kind  at  die  present  day :  indeed  that  beautifiil  device  by 
which  a  small  brass  ball  is  made  to  traverse  backwards  and  forwards  acrota 
u  inclined  plane,  which  still  retains  a  place  among  mantel  docks,  is  one 
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of  S^iriere't,  beaidet  aernsl  modificatioiif  of  it  equaUy  intereMnig.  One 
kalf  of  the  third  part  u  occupied  with  deacripdoni  of  machines  for  runug 
vUer;  these  consist  of  gutters,  swapes,  ehun  of  pots,  gaining  and  losing 
buckets,  norias,  ^mpasums  and  other  wheels ;  aiid  lastly,  pumps,  among 
which  is  the  rotary  one  figured  above.  BreTal,  in  his  "  Remarks  on  Eu- 
rope," part  ii,  page  89,  mentions  several  machines  in  S^rviere's  "  famous 
cabinet  of  mechanicks"  that  are  not  noticed  in  the  Tolome  published  by 
his  grandson ;  while  others  are  inserted  that  were  not  invented  till  after 
his  death,  as  Du  Fay's  improvement  on  the  tympanum. 

Rotarv  pumps  may  be  divided  into  classes  according  to  the  forms  of 
and  metnods  of  working  the  pistons,  or  diose  parts  that  act  as  such  :  and 
according  to  the  various  modes  bv  which  the  btUment  is  obtained.  It  is 
diis  last  that  receives  the  force  oi  the  water  when  impelled  forward  by 
die  piston ;  it  also  prevents  the  liquid  from  being  swept  by  the  latter  en- 
tirely round  the  cylinder  or  exterior  case,  and  compels  it  to  enter  the  dis- 
chaiging  pipe.  In  diese  particulars  consist  all  the  cssendal  differences 
in  rotary  pumps.  In  sorne  the  bnttnMits  are  moveable  pieces  that  ar« 
nude  to  draw  t»ek  to  allow  the  piston  to  pa£a,  when  thev  are  again 
protruded  till  its  return ;  in  sthers,  they  are  &xed  and  tbe  pistons  them- 
■elv«B  give  way.  It  is  the  same  with  fte  latter  ;  they  are  sometinies  per- 
manenUy  connected  to  the  axles  by  which  they  are  turned,  and  some- 
times they  are  loose  and  drawn  into  recesses  dU  the  bntments  pass  by. 
In  another  class  the  pistans  are  rectangular,  or  other  shaped,  pieces  that 
turn  on  centres,  somethins'  tike  the  van«B  of  &  horizontal  wind  mill,  sweep- 
ing the  water  with  their  broad  faces  round  the  cylindrical  case,  till  they 
approach  that  part  which  consdtntes  the  hutment,  when  thev  move  edg«- 
ways  and  pass  through  a  narrow  space  which  they  endrelv  fill,  and  thereby 
prevent  any  water  passbg  with  them.  In  other  pumps  uie  bntment  is  ob- 
tained by  the  contact  of  Uie  peripheries  of  two  wheels  or  cvlindets,  that 
roll  on  or  rub  against  each  other.  No.  131  is  of  this  kind— while  the 
teeth  in  contact  with  the  ends  of  the  caae  act  as  piBtons  in  driving  the 
water  before  them,  the  other*  are  fitted  to  woHt  so  closely  on  each  other 
as  to  prevent  its  retom.  The  next  figure  exhibits  another  modificadon  of 
the  same  principle. 

In  1825  Hr.  J.  Eve,  a  dtiBen  of  the  United  States,  obtained  a  potent 
in  England  for  a  rotary  steam-engiiie  and  ptmip.  No.  132  will  serve  to 
explain  iu  appEcadon  to  raise  water.  Wi^m  a  cylindrical  case  a  solid  or 
hollow  drum  A  is  made  to  revolve,  the  sides  of  which  are  fitted  to  move 
close  to  those  of  the  case.  Three  projecting  pieces  or  pistons,  of  the  tame 
width  as  the  dmin,  are  secnred  to  or  cast  on  its  periphery  ;  they  are  at 
equal  diataoces  from  each  other,  and  their  extremides  sweep  dose  round 
the  inner  edge  of  die  case,  as  shown  in  the  figure.  The  penpbery  of  the 
drum  revolvei  in  contact  with  that  of  a  smaUer  cylinder  B  from  which  a 
pordoD  is  cat  off  to  form  a  groove  or  recess  sufficiently  deep  to  receive 
witiiin  it  each  piston  as  it  moves  past.  The  diameter  of  the  small  cy- 
linder is  just  one  third  that  of  the  di^mi.  The  axles  of  both  are  contimied 
thrmigh  one  or  both  sides  of  the  caae,  and  the  <n>ening»  made  tight  with 
stuffing  boxes.  On  one  end  of  each  axle  is  fixed  a  toodied  wheel  of  diA 
nme  cUameter  as  its  respeedve  cylinder ;  and  these  are  so  geared  into 
one  another,  that  when  the  crank  attached  to  the~drum  axle  ii  turned,  (in 
the  direcdon  of  the  arrow,)  the  groove  in  the  small  cylinder  receives  suo- 
cesnvely  each  piston ;  thus  afibrding  room  for  its  passage,  and  at  the  samo 
Ome  by  the  contact  of  the  edge  of  the  piston  with  its  curved  part,  prevent- 
ing -water  frtnn  passing.  As  die  maimine  is  worked  the  water  that  en- 
ters the  lower  put  of  the  pump  dirou^  the  lucdon  pipe,  is  forced  round 


■'"K'^ 


Chap.  £.]  Batarf  Pnn^.  S87 

and  compalled  to  rise  in  ika  dUohugktg  one,  u  indicalal  by  tlie  arTows. 
Othor  pumpi  of  the  lame  clua  have  such  a  portion  of  the  small  cylin- 
der cut  off',  that  the  concave  aur&ce  of  the  remainder  forma  a  continuation 
of  the  caae  in  front  of  the  recew  while  the  piatona  are  passing ;  and  then 
by  a  similar  moveioent  as  that  nsed  in  the  figure  described,  the  convex 
put  it  brought  in  contact  with  the  periphery  of  the  drum  till  the  piston's 

All  rotary  pumps  are  both  sucking  and  forcing  machines,  and  are  gene- 
nlly  furnished  with  Talves  in  both  pipes,  aa  in  the  ordinary  forcing  pumps. 
The  butroents  are  always  placed  between  the  apertures  of  the  suckmg 
and  forcing  pipes. 


There  u  another  class  of  pumps  that  bears  some  relationship  to  the  pre- 
ceding— the  ddeMt  branch,  we  believe,  of  the  same  family.  One  of  these  is 
figured  in  the  133rd  iUostratioD:  the  butment  consists  oi  a  curved  flap  that 
tuma  on  a  hinge  j  it  is  so  arranged  as  to  be  received  into  a  recess  formed 
on  the  rim  or  periphery  of  the  case,  and  into  which  it  is  forced  by  the 
piston.  The  concare  nde  of  the  flap  is  of  the  same  curve  as  the  run  of 
the  case,  and  when  pushed  back  forms  a  part  of  it.  Its  width  is,. of 
course,  eaual  to  that  of  the  drum,  against  the  rim  of  which  its  lower  edge 
is  pressed ;  this  is  effected  in  some  pumps  by  springs,  in  others  by  cams 
cog  wheels,  &c.,  fixed  on  the  axles,  as  in  the  last  one.  The  force  by 
which  the  flap  is  urged  acainst  the  drum  must  esoeod  the  pressure  of 
the  liquid  column  in  the  dlscbarging  pipe.  The  semicircular  pieces  on  the 
outer  edge  of  the  case  represent  ears  for  secwing  the  pump  to  planks  or 
frames,  &c.,  when  in  use.  The  arrows  in  the  figures  wiow  the  direction 
in  which  the  piston  and  water  is  moved. 

Such  machines  have  obea  been  patented,  both  as  pumps  and  steam- 
engines.  In  1782  Mr.  Watt  thus  secured  a  "rotative  engine"  cX  this  kind, 
and  in  1797  Mr.  Cartwrigfat  inserted  in  the  specification  of  his  metallic  pis- 
ton a  description  of  another  similar  to  Watt's,  except  that  the  caae 
had  two  Saps,  and  three  pistons  were  formed  on  the  drum.  In  18J8  Mr. 
Routledge  patented  another  with  a  single  Bap  and  piston,  (Rep.  of  Arts, 
▼ol.  xxxiii,  2d  series  ;)  but  the  prindple  or  prominent  feature  in  all  thew 
had  been  applied  long  before  by  French  mechanicians.  Nearly  a  hun- 
dred years  (>efore  the  data  of  Watt's  patent,  AmtmUnu  c<Mmnunicated 
to  the  French  Academy  a  deioription  of  a  rotary  pump  substantially  the 
same  as  represented  in  the  last  figure.  It  is  figured  and  described  in  tbo 
fint  volume  of  AlacAJnrt  A^tntme.  p,  103 :  the  body  of  the  pump  or  cas« 
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if  a  ihatt  cylinder,  bnt  the  piston  ii  ellipdcH],  ite  tmuvena  diameter  be- 
ing equal  to  that  of  the  cylinder,  hence  it  performed  the  part  of  two  piatoni. 
There  are  also  two  flaps  on  opposite  sides  of  the  cylinder.  A  pump  not 
unlike  thia  of  Amontons,  with  an  elliptical  case,  is  described  in  voL  iv. 
of  Nicholson's  Phil.  Journal  466.  Several  similar  ones  bare  since  be«n 
proposed. 

In  other  pumps  tfae  flaps,  instead  of  actine  as  hutments,  are  made  to 
perform  the  part  of  pistons  ;  this  is  done  by  ninging  them  on  the  rim  of 
the  drum,  of  which,  when  closed,  they  also  form  a  part ;  they  are  closed 
by  passing  under  a  permanent  projecting  piece  or  butment  that  extends 
from  the  case  to  the  drum. 

In  No.  134  the  butment  is  movable  A  solid  wheel,  formed  into  three 
spiral  wings  that  act  as  pistons,  is  turned  round  within  a  cylindrical  case. 
The  butment  B  is  a  piece  of  metal  whose  width  is  equal  to  the  thickness 
of  the  wings,  or  the  interior  breadth  of  the 
cylinder ;  it  is  made  to  slide  through  a 
Stuffing  box  on  the  top  of  the  case,  and  by 
its  waght  to  descend  SLtid  rest  upon  the 
wings.  Its  upper  part  termioalea  in  a  rod, 
which,  passing  between  two  rollers,  pre* 
serves  it  in  a  perpendicular  position.  As 
the  wheel  is  turned,  the  point  of  each 
wing,  (like  the  cogs  of  tne  wheels  in 
No.  131,)  pushes  before  it  the  water  that 
enters  the  lower  pa^  of  the  cylinder,  and 
drives  it  through  the  valve  into  the  ascend- 
it^  pipe  A :  at  the  same  time  the  butment 
is  graduaUy  raised  by  the  curved  surface  of 
the  wing,  and  ss  soon  as  the  end  of  the  lat- 
ter passes  under  it,  the  load  on  the  rod 
causes  it  instantly  to  descend  upon  the  next 
one,  which  in  its  turn  produces  the  sanw 
effect.  This  pump  is  as  old  as  the  16th 
century,  and  probably  was  known  mnch 
No-IH.  BMuTPoBpi/tkdMtt  earlier.  Besides  the  defects  common  to 
"""''  most  of  iu  species,  it  has  one  peculiar  to 

ilaelf : — as  the  butmeftt  must  be  loaded  with  weights  sufficient  to  overcome 
the  pressure  of  the  liquid  column  over  the  valve,  (otherwise  it  would  itself 
be  raised  and  the  water  would  escape  beneath  it;]  the  power  to  work  this 
pump  is  therefore  more  than  double  the  amount  which  the  water  forced 
up  requires.  The  instrument  is  interestiug,  however,  as  eflTording  an  il- 
lustration of  the  early  use  of  the  sliding  valve  and  stuffing  box ;  and  as 
containing  some  of  the  elements  of  recent  rotary  pumps  and  steam-engines. 
The  pump  represented  by  No.  13S  consists  uso  of  an  exterior  case  or 
short  cylinder  within  which  a  small  and  solid  one  A  is  made  to  revolve.  To 
the  last  an  arm  or  piston  is  attached  or  cast  in  one  piece  with  it,  the 
sides  and  end  of  which  are  fitted  to  bear  slightly  against  the  sides  and  rim  in 
the  case.  A  butment  B  B  slides  backwards  and  forwards  through  a  stnffin? 
box,  and  is  so  arranged  (by  means  of  a  cam  or  other  contrivance  connected 
to  the  axle  of  the  small  cylinder  on  the  outside  of  the  case)  that  it  can  he 
pushed  into  the  interior  as  in  the  figure,  and  at  the  proper  time  be 
drawn  back  to  afford  a  passage  for  the  piston.  Two  openings  near  each 
other  are  made  through  the  case  on  opposite  sides  of  B  B,  and  to  these  the 
auction  and  forcing  pipes  are  united.  Thus  when  the  piston  is  moved 
in  the  direction  of  the  arrow  on  the  small  cylinder,  it  pushes  the  water 
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before  it,  and  tlie  vaauity  formed  behind  is  inatantly  filled  with  fresh  por^ 
tions  driven  up  the  auction  pipe  by  the  atinosphero  ;  and  when  the  pieton 
in  ita  course  descends  past  B  B  it  sweeps  this  water  up  the  same  way. 
Bramah  and  Dickenson  adopted  a.  modification  of  this  machine  in  1790,  as 
a  steam-engine  and  also  as  a  pump.     Rep.  of  Arts,  vol.  ii,  73. 


No.  136  represents  another  rotary  engine.  A  figure  of  it  is  inserted  the 
rather  because  it  was  reinvented  here  a  few  years  ago  by  a  mecbaiuc  who 
/■vraa  greatly  distressed  on  finding  that  he  had  been  anticipated.  A  notice  of' 
it  may  therefore  prevent  others  from  experiencing  a  similar  disappoint- 
menL  Like  most  others  it  consists  of  two  concentric  cylinders  or  drums, 
the  annular  space  between  them  forming  the  pump  chamber;  but  the 
inner  one,  instead  of  revolving  as  in  the  preceding  figures,  is  immovable, 
being  fixed  to  the  sides  of  the  outer  one  or  case.  The  piston  is  a  rectan- 
gular and  loose  piece  of  brass  or  other  metal  accurately  fitted  to  occupy 
and  move  in  die  space  between  the  two  cylinders.  To  drive  the  piston, 
and  at  the  same  time  to  form  a  butment  between  the  orifices  of  the  mdac- 
don  and  eduction  pipes,  a  third  cylinder  is  employed  to  which  a  revolring 
modon  is  imparted  by  a  crank  and  axle  in  the  usual  way.  This  cylinder  is 
eccentric  to  the  others,  and  ia  of  such  a  diameter  and  thickness  ttiat  its  in- 
terior and  exterior  surfaces  touch  the  inner  and  outer  cylinders  as  repre- 
■ented  in  the  cut,  the  places  of  contact  preventing  -water  from  passing : 
a  alit  or  groove  equal  in  width  to  the  tmckness  of  the  piston  is  made 
throudt  its  pemthery,  into  which  slit  the  piston  is  placed.  When  tamed  in 
the  direction  of  the  large  arrow,  the  water  in  the  lower  part  of  the  pump 
ifl  swept  round  and  forced  up  the  rising  pipe,  and  the  void  behind  the 
piston  is  again  filled  by  water  from  the  reservoir  into  which  the  lower 
[Hpe  is  inserted.  This  machine  was  originally  designed,  like  most  rotary 
pumps,  for  a  steam  engine.  It  was  patented  in  England  by  Mr.  Johoi 
Trotter,  of  London,  in  1S05,  and  is  described  in  the  Repertory  of  Arta,, 
vol,  ix,  2d  series.  As  a  matter  of  course,  he  contemplated  its  applicadon 
to  raise  water  : — "  The  said  engine  pie  observes]  may  be  used  to  raise 
or  give  motion  to  fluids  in  any  direction  whatever," 

In  others  the  pistons  slide  within  a  revolving  cylinder  or  drum  that  i>. 
eoncentric  with  the  exterior  one.  No.  137  is  a  specimen  of  a  French. 
pump  of  this  kind.  The  butment  in  the  form  of  a  segment  is  secured  tO' 
the  inner  circumference  of  the  case,  and  the  drum  turns  against  it  at  the- 
centre  of  the  chord  line :  on  both  sides  of  the  place  of  contact  it  is  curved  to 
dw  extremities  oftlie  arc,  and  the  sucking  and  forcing  pipea  communicate 
37 
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with  the  pump  through  it,  u  represented  in  the  firore.  To  the  centre  of 
one  or  both  ends  of  l£e  case  is  screwed  fast  a  tiuan  piece  of  bnaa  whose 
outline  rcsemblea  that  of  the  letter  D :  the  flattened  side  is  placed  towards 
the  butment  and  is  so  formed  that  the  same  distance  is  preserved  between 
it  and  the  opposite  pans  of  the  buOnent,  as  between  its  convex  surface  and 
the  rim  of  the  case.  The  pistons,  as  in  the  last  figure,  are  lectansular 
pieces  of  stout  metal,  and  are  dropped  into  slits  made  through  the  run  of 
the  drum,  their  length  being  equal  to  that  of  the  case,  and  their  width  to 
the  distance  between  its  run  and  the  D  piece.  They  are  mered  by  a 
crank  attached  to  the  drum  axle.  To  lessen  the  friction  and  compensate 
for  the  wear  of  the  butment,  that  part  of  the  latter  against  which  the  drum 
turns  is  Eometimea  made  hollow ;  a  piece  of  brass  is  let  into  it  and 
pressed  against  the  periphery  of  the  drum  by  a  spring. 


In  No.  138  the  axis  of  the  drum  or  smaller  cylinder  is  so  placed  as  to 
<«aase  its  periphery  to  rub  against  the  inner  circumference  of  the  case. 
Two  rectangular  pistons,  whose  length  are  equal  to  the  internal  diame- 
ter of  the  case,  cross  each  other  at  right  angles,  being  notdied  so  as  to 
.allow  them  to  slide  backwards  and  forwards  to  an  extent  equal  to  the 
widest  space  between  the  two  cylinders.  The  case  of  this  pnmp  is  not 
'perfectly  cylindrical,  but  of  such  a  form  that  the  four  ends  of  the  piatou 
-are  always  in  contact  with  it  An  axle  on  the  drum  is  moved  by  a  crank. 
This  pump,  and  another  similar  to  it,  were  described  in  Bramah  and 
Dickenson's  patent  for  three  rotative  lUam-engina  in  1790.  Rep.  of  Arts, 
ToL  ii,  85.     Fire  engines  have  been  made  on  the  same  principle. 

Another  class  of  rotary  pumpa  have  their  pistons  made  somewhat  like 
'the  vanes  of  wind  mills.  They  were  originally  designed  as  steam.enginea, 
and  were,  if  we  mistake  not,  first  introduced  by  Homblower,  in  the  latter 
part  of  the  last  century.  He  emplovftd  four  rerolving  vanes  which  were 
BO  arranged  that,  while  one  pawed  edgeways  through  a.  narrow  cavity 
which  it  filled,  the  opponte  one  presented  its  lace  to  the  acdma  of  tlie 
steam.  These  machines  hare  been  variously  modified  as  pumps,  bat  ge- 
nerally speaking  they  are  more  complex  and  of  course  more  luble  to  do- 
rangement  than  others  :  we  have  known  two  of  them,  fifteen  inches  die- 
meter  and  apparently  well  made,  [at  a  coat  of  150  dollars,)  which  a  friend 
used  to  force  water  to  an  elevation  of  twen^  feet,  become  deranged,  and 
'thrown  aside  as  useless  in  the  course  of  three  or  four  weeks. 

A  centriiugal  forcing  pump  may  be  made  by  enclosing  the  arms  of  an 
-atmoaphei^  one,  (such  as  represented  at  No.  9£,  page  S39,)  in  a  cIom 
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drum  or  case,  to  ivluch  an  sBunditig  or  fordng  pipe  u  attached ;  iho 
^voter  would  rise  throug'h  the  pipe,  provided  the  velocity  of  tLe  arma  was 
increaaed  according  to  the  elevatioa  of  ita  discbargiiag  orifice.  In  place  of 
tubular  arms,  two  or  more  vanes  radiadng  from  a  vertical  axis  and  turned 
rapidly  in  the  case  would  produce  the  same  efibct;  the  suction  pipo 
being  connected  to  tbe  bottom  at  the  centre  and  the  forcing  pipe  to  tne 
rim  or  the  top.  Such  pumpa  are  in  their  coostruction  simpler  than  other  ' 
rotary  ones,  besides  wnich  no  parUcular  accuracy  is  required  in  fitting 
their  working  parts ;  nevertheless,  they  are  as  liable  to  derHngement  as 
Others,  for  the  velocity  required  to  be  giTen  to  the  arms  is  so  great,  that 
the  teeth  of  the  wheels  and  pinions  by  which  motion  is  transmitted  to  them 

Centrifugal  pumps  like  those  just  desctibed  have  been  tried  as  substi- 
tutes  for  paddle  wheels  of  steam-vessels :  u  e.  the  wheels  were  con- 
verted into  such  pumps  by  inclosing  them  in  cases  made  air-tight,  except 
at  the  bottom  through  iivmch  the  ends  of  the  paddles  slighlly  projected ; 
a.  large  suction  pipe  proceeded  from  one  aide  of  each  case  (near  its  cen- 
Xre)  through  the  boyrs  of  the  vessel  and  terminated  below  the  water  tine ; 
by  the  revolution  of  the  wheels  water  was  drawn  through  these  tubes  into 
the  cases  and  forcibly  ejected  below  in  the  direction  of  the  stem,  and  by 
the  reaction  moved  uie  veasel  forward. 

It  must  not  be  supposed  that  the  preceding  observations  include  an  a«y 
count  of  aii  rotary  pumps.  We  have  only  particularized  a  few  out  of  & 
great  multitude,  such  as  may  terve  as  ^pes  of  the  various  classes  to  which 
drey  belong.  Were  a  detailed  descripnon  given  of  the  numerous  fonns 
of  tnese  machines,  modes  of  operation,  devices  for  opening  and  clomng  the 
valves,  moving  die  pistons,  diminishing  fiiction,  compensating  for  the  wear 
of  certain  parts,  for  paoklag  the  pistons,  &&  &x.,  those  readers  who  are 
not  familiar  with  their  history  would  be  surprised  at  the  ingenuity  dis- 
played, and  would  be  apt  to  conclude  that  all  the  sources  of  mechanical 
combinations  had  been  exhausted  on  them.  We  would  advise  every 
mechanic  who  tbii^  he  has  discovered  an  improvement  in  rotary  pumps, 
carefully  to  examine  the  fiepertory  of  Arts,  the  Transactions  of  the  So- 
ciety of  Arts,  the  London  Heolwnics'  Magazine,  and  particularly  the 
Journal  of  the  Franklin  Institute  of  Pennsylvania,  before  incurring  the 
expenses  of  a  patent,  or  those  incident  to  the  making  of  models  and 
experiments. 

Rotary  pumps  have  never  retained  a  permanent  place  among  machines 
for  raising  water ;  they  are,  as  yet,  too  complex  and  too  easily  deranged 
to  be  adapted  for  common  use.  Theoretically  considered  they  are  per- 
fect machines,  but  the  practical  difficulties  attending  their  construction 
have  hitherto  rendered  uiem  (like  rotary  steam  engines)  inferior  to  others. 
To  make  them  efficient,  their  working  parts  require  to  be  adjusted  to  each 
other  with  unusual  accuracy  and  care,  and  even  when  this  is  accomplished, 
their  efficiency  is,  by  the  unavoidable  wear  of  those  parts,  speedily  dimi- 
nished or  destroyed :  their  first  cost  is  greater  than  thai  of  common  pumps, 
uid  the  expense  of  keeping  them  in  order  exceeds  that  of  others ;  they 
catmot,, moreover,  be  repaired  by  ordinary  woricmen,  since  peculiar  toob 
are  required  for  the  purpose — a  farmer  might  almost  as  welt  attempt  to 
repair  a  watch  as  one  of  these  machines.  Hitherto,  a  rotary  pnmp  has 
been  like  the  Psalmist's  emblem  of  human  life  : — "  Ita  days  are  as  grass, 
as  a  flower  of  the  field  it  flourishedi,  the  wind  [of  experience]  posseth 
over  it,  and  it  is  goiu."  Were  we  indined  to  prophecy,  wc  should  pT»- 
diet  Auct  in  the  next  oentory,  as  in  the  preseot  one,  the  cylindrical  piimp 
wQl  retain  ita  preeminence  over  aQ  others  ;  and  that  mslters  of  die  ordf> 
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nary  wooden  ones  will  tHcn,  at  aov,  defy  all  attempts  to  aapersede  the 
object  of  their  manufacture. 

Recifrocatino  rotarv  fuhps  : — One  of  the  obstacles  to  be  overcome 
in  making;  a  rotary  pump,  is  the  passage  of  the  piston  over  the  butment, 
or  over  ihe  space  it  occupies!  The  apparatus  for  moving  the  butment  as 
the  piston  approaches  to  or  recedes  from  it,  adds  to  the  complexity  of  the 
macnine  i  nor  is  this  avoided  when  that  part  is  fined,  for  an  equivalent 
movement  is  then  required  to  be  given  to  the  piston  itself  in  addiiion  to 
its  ordinary  one.  In  reciprocating  rotary  pumps  these  difficulties  are 
avoided  by  stopping  the  piston  when  it  arrives  at  one  side  of  the  butment 
and  then  reversing  its  motion  towards  the  other;  hence  these  are  lees  com- 
plex than  the  former  ;  they  are,  however,  liable  to  some  of  the  same  objec- 
tions,  being  more  expensive  than  common  pumps,  more  difficult  to  repair, 
and  upon  the  whole  less  durable.  Their  varieties  may  be  included  in 
two  classes  according  to  the  construction  of  the  pistons  ;  those  that  are 
furnished  with  valves  forming  one,  and  such  as  have  none  the  other.  The 
range  of  the  pistons  in  these  pumps  varies  greatly;  in  some  the  arc  des- 
cribed by  them  does  not  exceed  90°,  while  in  others  they  make  nearly  a 
complete  revolution.  They  are  of  old  date,  various  modifications  of  them 
'  '  1  die  ' "  '  " 


having  been  proposed  in  uie  t6th  century.  No.  139  consists  of  a  close 
case  of  the  form  of  a  sector  of  a  circle,  havinz  an  opening  at  the  bottom 
for  the  admission  of  water,  and  another  to  which  a  forcing  pipe  with  ita 
valve  is  attached.  A  movable  radius  or  piston  is  turned  on  a  centre  by 
a  lever  as  represented  ;  thus,  when  the  tatter  b  pulled  dowii  towards  the 
left,  the  former  drives  the  contents  of  the  case  through  the  valve  in  ths 
Btcending  pipe. 


Belidor  has  described  a  sinuUr  pump  in  the  first  volume  of  his  Arch. 
Hydranl.  379.  The  case  is  a  larger  portion  of  a  circle  than  that  of  No. 
139,  and  the  piston  is  fhmished  with  a  valve.  A  pump  on  the  same  prin- 
aple  was  adopted  by  Bramah  as  a  fire-engine  in  1793  :  His  was  a  short 
cylinder,  to  the  movable  axle  of  which  two  pistons  were  attached  that 
extended  quite  across,  and  had  an  opening  covered  by  a  clack  in  each. 

No.  140  consists  of  a  short  horisontal  cylinder :  a  portion  of  the  lower 
part  is  separated  irom  the  rest  by  a  plate  where  the  suction  jnpe  termi- 
nates in  two  openings  that  are  covered  by  clacks  c  c.     The  partition  A. 
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•xunds  throu^  the  entire  length  of  the  cytincler  and  is  mode  air  and 
water  tight  to  both  endo,  and  abo  to  the  plate  upon  which  it«  lower  edge 
rests.  The  upper  edge  extend*  to  the  under  tide  of  the  oxte  to  which 
the  piiton  B  is  united.  One  end  of  the  axle  is  paued  ihrongh  the  cylin- 
der and  the  opening  made  tight  by  a  stufiiug  box ;  it  is  moved  by  a  crank 
or  lever.  Near  the  clacks  e  e  two  other  openings  are  made  through  the 
plate,  to  which  two  forcing  pipes  ate  secured.  These  tubes  are  bent 
round  the  outside  of  the  cyUnder  and  meet  in  the  chamber  C  where  their 
orifices  are  covered  fay  clacks.  Thus  when  the  piston  is  turned  in  either 
direction,  it  drives  the  water  before  it  through  one  or  other  of  these  tubes ; 
at  the  same  ome  the  void  left  behind  it  is  kept  filled  by  the  pressure  of 
the  atmosphere  on  the  surface  of  the  liquid  in  which  the  lower  oritice  of 
the  suction  pipe  is  placed.  The  edges  of  the  pistons  are  made  to  work 
cUise  to  the  ends  and  rim  of  the  cyhnder  by  means  of  strips  of  leather 
screwed  to  them.  ModificationB  of  these  pumps  have  also  been  used  in 
Ei»;laud  as  fire-engines. 

Reciprocating  rotary  pumps  have  sprung  up  at  different  times  both  here 
and  iu  Europe,  and  have  occasionally  obtained  "  a  local  habitation  and  a 
name,"  but  have  never  become  perfectly  domeEticated,  we  believe,  in  any 
couiury.  We  have  seen  some  designed  for  ordinary  use  that  were  ele- 
gantly finished,  and  decorated  with  gilding  and  japan — they  resembled 
tnose  exotic  pWts  which  require  peculiar  caie,  ^d  are  rather  for  omar 
ment  than  for  nse. 

Reciprocating  rotary  pumps  have  also  been  proposed  u  steam-engine*. 
Watt  patented  one  in  178S. 


CHAPTER    VI. 

if  pmapa  la  aad«m  nUp-Ksrki  i  Tkt  »wJ  >y  lh«  OiH—w  Vttmt-wtitt  U  A.w^- 
tattk  —i  Bnaan— Sliia'v  udnM  i*  Ik*  iMUr  (hr-Old  nur-mrhj  u  Tolado— At  Laudoa  brU|a 
— OU(r  hamiaa  noiki  aond  by  bonai,  waUr,  wlad  ud  iumb— WaUr  ■■fin*  H  E»ln— Wilw- 
wgrhi  (neltd  oy  Pul  Stmt  ud  PdiiI  Noln  Du»  u  Pari*— Caltbnml  warki  u  Kuli— Etror  otKaa. 
■•igiila  !■  Bikinc  th*B  iiuseeuaiilj  conplei.  Amnitmn  vUmr-winin  A  bUurjtt  Htm  dnlrdri*— 
UtmJKtlea  of  panpi  l«a  w*D>  !■  New- York  dQ— Bimeta  Ovm  ika  niBnUi  of  tli*  C«iiiiiia  CdhhII 
pnTkna  w  Ik*  war  tt  I*d«p**d*K»— Fiblio  viMr-WHki  propoaad  and  ammtaai  ta  ITM— Tim- 
*aiT  iMsi  tiiMd  u  hmM  At  uptnH— CapT  of  ti  H**kin**  Caapu]'-'Wii*r-wocka  ■!  Fab 
■taaai,  rbil*<l*lpUa. 

BeroaE  notjcing  another  and  a  difierent  class  of  machines,  we  propose 
to  occupy  this  and  the  two  next  chapters  with  observations  on  the  en^ 
ployment  of  pumps  in  "  water-works,"  and  as  engines  to  exdnguish  fires 
• — bodi  in  dits  country  and  in  Europe. 

The  hydraulic  machinery  for  supplying  modem  cities  with  water  gene- 
rally consists  of  a  series  of  forcing  pumps  very  similar  to  the  machine  of 
Ctesibius,  (No.  120 ;)  and  when  employed  to  raise  water  iroro  rapid 
streams,  or  where  from  tides  or  dams  a  sufficient  current  can  be  obtained, 
are  worked  like  it  by  under  or  by  overshot  wheels.  An  account  of  old 
European  water-works  is  an  important  desideratum,  for  it  would  throw 
light  on  the  history  of  pumps  in  the  middle  ages,  during  which  little  or 
nothing  respecting  them  is  known.  The  older  ctdes  of  Germany  were  the 
first  in  modem  days  that  adopted  them  to  raise  water  for  public  purposes; 
but  of  their  conacructioD,  materials,  and  application  under  various  circuiU' 
Stances,  we  have  no  informatioD  in  detail.     Rivius,  in  his  Commentary  on 
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the  machine  of  CtesiHng,  speaks  of  pumps  worked  by  water  wheels  a* 
then  common,  (A.  D.  1548.)  The  hydraulic  engines  at  Attgtbnrgh  were 
at  one  time  greatly  celebrated.  They  are  mentioned,  bnt  not  described, 
by  Misaon  and  other  travelers  of  the  17th  century.  They  raised  the  water 
130  feet.  BlainviUe,  in  {705,  speaks  of  them  as  among  the  curiosities  of 
the  city.  He  observes — "  The  towers  which  furnish  water  to  this  city  are 
also  curious.  They  are  near  the  gate  called  the  tUd  Port,  upon  a  branch 
of  the  Zieck  which  runs  through  the  city.  Mills  which  go  day  and  night, 
by  means  of  this  torrent,  work  a  groat  many  pumps,  which  raise  water  in 
large  leaden  pipes  to  the  highest  story  in  these  towers.  In  the  middle  of 
a  chamber  on  each  of  them,  which  is  very  neatly  and  handsomely  ceil- 
ing'd,  is  a  reservoir  of  a  hexagonal  figure,  mto  which  the  water  is  carried 
by  a  large  pipe,  the  extremity  of  which  is  made  like  a  dolphin,  and  through 
an  nm  or  vase  held  by  a  statue  sitting  in  the  middle  of  the  reservoir. 
One  of  these  towers  sends  water  to  all  the  public  fountains  by  smaller 
pipes,  and  the  three  others  supply  with  water  a,  thousand  houses  in  the 
city  ;  each  of  which  pays  about  eight  crowns  yearly,  and  receives  a  bun- 
dred  and  twenty  pretty  large  measures  of  water  every  hour."  Travels, 
vol.  i,  850.  Misaon's  Travels,  6  ed.  vol.  i,  137. 

Contemporary  with  the  engines  at  Augsbnrgh  wsa  one  at  Bremen  that 
is  mentioned  by  several  writers  of  the  17ih  century.  It  was  erected  on 
one  of  the  bridges  and  moved  by  a  water  wheel ;  it  raised  water  into  b 
reservoir  at  a.  considerable  elevation,  whence  the  liquid  was  distributed 
to  all  parts  of  the  city.  An  old  audior  when  speaking  of  it,  mentions  an 
android  in  Bremen,  a  species  of  mechanism  for  which  the  Oermans  were 
at  one  dme  famous.  At  the  entrance  of  the  arsenal,  he  observes,  "  stands 
the  figure  of  a  warrior  arm'd  o«p-a-pe,  who,  by  mechanism  under  the 
Bteps,  as  soon  as  you  tread  on  them,  lina  up  the  bever  of  his  helmet  with 
his  truncheon  to  salute  you." 

There  was  also  a  celebrated  vatert-engine  at  Toledo,  the  former  capital 
of  Spain.  It  raised  the  water  of  the  Tagus  to  the  top  of  the  Alcasar,  a 
magnificentpalaee  erected  on  the  summit  of  the  deciivicy  on  which  the  oi^ 
i::  built;  the  elevation  being  "  five  hundred  cubits  from  the  surface  of  the 
river."  Wbat  the  particular  construction  of  this  machine  was  we  have 
not  been  able  to  ascertain,  nor  whether  it  was  originally  erected  by  the 
Moors  who  built  the  palace.  It  is  mentioned  by  Moreri  as  a  "wonderful 
hydraulic  engine  which  dtmws  up  the  water  from  the  river  Tagus  to  »o 
KTeat  a  height,  that  it  is  thence  conveyed  in  pipes  to  the  whole  city  ;"  but 
m  the  middle  of  the  last  century  (1751)  the  author  of  the  Grand  Gaietteer, 
or  Topographic  Dictionary,  remariu  (page  1269)  that  this  "  admirable 
engine"  was  then  "  entirely  ruined." 

The  introduction  of  pump  engines  into  the  public  watei^works  of  Eng- 
land and  France  is  sufRciently  ascertained.  This  did  not  take  place  tiU 
lon^  afler  they  had  been  employed  in  Germany  ;  and  both  London  and 
Pans  were  indebted  to  engineers  of  that  coantry  for  the  first  machines  to 
ruse  ■water  from  the  Thames  and  the  Seine.  Previous  to  their  introduc- 
tion, cities  were  commonly  supplied  from  springs  by  means  of  pipes.  As 
early  as  A.  D.  1234,  the  corporation  of  London  commenced  to  lay  a  six 
inch  leaden  mpe  from  some  springs  at  Tybum,  a  village  at  that  dme  some 
miles  distant  from  the  city.  This  is  supposed  to  have  been  the  first  at- 
tempt to  convey  water  to  that  city  through  pipei,  and  fifly  years  elapsed 
before  the  whole  was  completed.  These  pipes  were  formed  of  sheet  lead 
mad  the  seams  were  soldered:  part  of  them  was  accidentally  discovered 
inI745  while  making  some  excavations,  and  another  portion  in  1765.  (Lon- 
don Mag.  for  1760,  p.  377.)     In  1439  the  abbot  of  Westminster,  in  whom 
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the  right  of  the  kmI  waa  rested,  grsatsd  "  to  Robert  Large  the  mayor  atxi 
otizens  of  London,  and  their  aucceatora,  one  head  [reaervoir]  of  water, 
containing  twenty-«x  perchea  in  length  and  one  in  breaddi,  together  with 
all  its  springa  in  the  manor  of  Paddington :  in  contideration  of  which 
grant,  the  oty  is  for  ever  to  pay  to  the  laid  abbot  or  his  successors,  at  the 
feast  of  Sl  Peter,  tvo pepper  conu"  This  grant  was  confirmed  by  Heorf 
VI,  who  at  the  same  time  authoriaed  the  mayor  and  cidiens,  by  a  writ  of 
the  privy  seal,  to  purchase  two  hundred  fothers  of  lead  "  for  the  intended 
woH(s  of  pipes  and  eondoita,  and  to  mprett  plumbers  and  labourers." 
Maitlsjid'a  Hist  of  Loudon,  pp.  48,  107. 

In  the  33d  year  of  Henry  Vlll,  die  mayor  of  the  city  of  OloceOer,  with 
the  doan  of  the  church  there,  were  authorized  to  "  convey  water  in  pipea 
of  lead,  gutters  and  trenches"  from  a  neighbouring  HU,  "  satisfVing  the 
ownera  of  the  ground  there  for  the  digging  there^"*  In  the  foilowing 
year,  the  maytn'  and  burgesses  of  Poole  were  auihoriaed  to  erect  a  wind 
mill  on  the  kmg's  waate  ground,  and  a  conduit  head  aixteen  feet  square, 
"  and  to  dig  and  draw  [water]  in,  by,  through  and  upon  all  places  meet 
and  convement,  into  and  from  the  same,  &c. — yielding  yearly  to  the  king 
and  his  heirs  one  pepper  eom."^  It  would  appear  that  the  reservoir  was  in 
too  low  a  situation  for  its  contents  to  flaw  Uirough  pipes  to  the  town,  and 
hence  the  wind  mUl  to  raise  it  sufficiently  for  that  purpose.  The  machine 
used  was  probably  ihe  chain  of  pota,  which,  as  remarked  page  125,  was  at 
that  lime  oflen  employed  in  sucn  cases.  In  the  35lh  of  Henry  Vlll,  the 
corporation  of  London  was  authorized  to  draw  water  through  pipes  from 
various  villages  and  other  places  within  five  miles  of  the  citv,  rad  for  this 
purpose  to  enter  any  grounds  not  enclosed  with  "  stone,  brick  or  mud 
walls,  and  there  to  dig  pits,  trenches  and  ditches ;  to  erect  heads,  lay 
piped,  and  make  vanlta  and  tiupimU,"  he.  Two  years  aAerwards,  f  A.  D. 
Lfi46,)  a  law  was  passed  by  which  thoae  who  destroved  conduit  heada  and 
pipes,  were  put  to  death.*  In  1547,  William  Lamb  conveyed  water  in  a 
Maden  pipe  from  a  conduit  or  spring,  which  still  bears  his  name.' 

In  1588,  the  first  pump  machines  were  used  in  London.  In  that  year 
Peler  Maurice,  a  German  engineer,  proposed  to  erect  a  machine  on  the 
Thames  for  the  more  effectual  supply  of  the  city,  "  which  being  ttppnvvd 
of,  he  erected  the  same  in  the  river  near  London  bridge,  which  by  auction 
and  pressure,  through  pumps  and  valves,  raised  water  to  such  a  nei^t  aa 
to  supply  the  uppemiost  rooms  of  the  loftiest  buildings,  in  the  highest 
part  of  uie  city  therewith,  to  the  great  adminlion  of  all.  This  curious 
machine,  Oufira  of  An  laatA  thtU  tvvr  vxu  mm  m  Eng/iad,  waa  so  highly 
approved  of,  that  the  lord  mayor  and  common  council,  aa  an  encourage- 
ment for  the  ingenious  engineer  to  proceed  in  so  useful  an  undertakinf, 
granted  him  the  use  of  one  of  the  arches  of  London  bridge  to  place  hit 
engine  in,  for  the  better  woriring  thereof."*  Maurice's  engine  consisted 
of  a  series  of  forcing  pumps  (liimlar  to  Noa.  118  and  ISl)  seven  inches  in 
diameter,  and  the  pistons  had  a  strfJte  of  thirty  inches ;  thev  were  woriied 
by  an  tindenhot  wheel  that  waa  placed  under  one  of  uie  arches  and 
turned  by  the  current,  during  die  rise  and  fall  of  the  tide ;  the  water 
vna  raised  to  an  elevation  of  120  feeL  The  number  of  pumps  and  wheels 
was  snbaequently  increased ;  but  in  1828,  when  the  old  bridge  was  taken 
down,  the  whole  were  removed.' 

Two  years  before  Maurice  undertook  to  raise  water  from  die  Thamea, 
Stow  say»— "  One  Ruasel  proposed  to  bring  water  from  Islewotdi,  vis  i 

•ButatMSilnTBa.  Loa.  1681,    'Ibid.    'Ibid.    'Hiiihod,  l&a.    'Ibid.  160. 
'A  dMcription  of  Ab  Lo&doa  Briiiga  WsMr-waiiu,  bv  Belffaloii,  may  bs  ssaa  m  fta 
Philes.  Ttsim.  ioL  vi,  356,  and  in  Denfolien'  Philoi.  ii,  436. 
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tlie  rirer  Uxbridge  to  the  uid  nortli  of  London ;  eitd  tliU  hy  a  geometrical 
tMttrmmml :  he  propounded  the  inTeutioii  to  Lord  Burleigh."  In  159i, 
Bevic  Bulnier,  im  English  engioBBr,  undertook  to  supply  a  small  district 
of  die  city  with  Thames  water,  which  he  raised  hy  four  prnnps  that  were 
xrorked  by  horses.  They  were  continued  in  use  tUl  the  time  that  Mait- 
laud  commenced  his  history,  viz :  to  lliS.  The  pamps  of  other  London 
works  were  moved  by  horses,  by  wind  mills,  and  others  by  the  current 
of  the  conunon  sewer.*    About  die  year  1767,  one  of  Newcomen's  steani- 

Xes  was  erected  at  the  London  bridge  works  to  raise  water  at  neap 
and  also  as  a  security  against  fire  during  the  turning  of  the  tide, 
when  the  wheels  were  consequently  at  resL  A  company  was  incorpo- 
rated in  1691 10  supply  the  neighbourhood  of  York  Buildings  with  Thames 
water:  Newcomen's  engines  were  employed  ;  and  the  pumps  had  solid 
neers,  one  of  which  we  have  figured  and  described  at  pagQ  272— 
iUaod  enumerates  them  araongother  causes  of  the  company's  embaiTasa* 
mentB :  "  the  directors,  by  purchasing  estates,  erecting  new  watei^worka 
[new  machines  for  raising  water]  and  other  pernicious  projects,  have  almost 
mined  the  corporation;  however,  their  chargeable  engines  for  raising 
water  by  fire,  hiiiig  laid  aside,  they  continue  to  work  that  of  horses,  which, 
together  with  their  estates  in  England  and  Scotland,  may  in  time  restore 
the  company's  afiairs."^  A  figure  of  this  chargtailt  engine  is  inserted  in 
the  Mcond  volume  of  La  Motraye's  Travels. 

The  author  of  the  Qrand  Gazetteer,  a  folio  of  nearly  1600  pages,  pnb- 
liahed  in  1751,  was  a  native  of  Exeter,  on  which  account  he  excuses  him- 
•elf  for  descriUng  that  tnty  at  large ;  after  mentioning  some  anraent  con- 
duits he  observes : — "  this  city  is  otherwise  well  watered,  and  not  only  by 
most  houses  of  note  having  wells  and  pumps  of  their  own,  bnt  by  the  river 
water  being  forced  by  a  evritmt  water-engine,  through  pipes  of  bored  trees 
laid  under  ground,  even  up  to  the  very  steep  hill  at  Northgate  Street; 
•nd  then  by  pipes  of  lead  into  the  houses  of  snch  inhabitants  as  pay  a  very 
moderate  pnce  for  such  benefit.  The  said  water  house  and  en^e  wer« 
hegu*  aboHi  Ajmq.  1694."  This  extract  shows  that  at  the  close  of  the  17th 
century,  such  works  were  not  very  common  in  English  cities:  of  this  there 
are  numerous  indications :  thus  at  Norwich  "  the  water-works  at  the  new 
mills  wore  undertaken  in  1697,  and  completed  in  abont  two  yesrs."* 

During  the  reign  of  Henry  IV  of  France,  John  Lintlaer,  a  Fleming, 
erected  an  engine  oonusdng  of  lildng  pumps  (such  as  No.  126)  st  the  Pont 
Neuf  which  were  worked  by  the  current  of  the  Seine.  The  water  waa 
raised  above  the  bridge  and  conveyed  in  pipes  to  the  Louvre  and  Tnille- 
lies.  This  engine  received  the  appellation  of  Tke  Samaritan,  from  bronze 
BgurcB  of  Christ  and  die  woman  of  Samaria,  which  decorated  the  front  of 
the  building  in  which  it  was  enclosed.  The  success  that  attended  this 
experiment,  led  to  the  erecuon  of  siniilar  engines  at  Pont  Notre  Dame,  ft 
figure  of  one  of  the  pumps  of  which  is  inserted  at  p*^e  277. 

The  most  elaborate  machine  ever  ooDstmcted  for  rusing  water  was 
probably  the  &niouB  one  at  Marli,  near  Paris,  for  supplying  the  public 
gardens  at  Versailles  from  the  Seine.  It  was  designea  by  Ranneqnin,  a 
Dutch  engineer,  and  set  to  work  in  1682,  at  a  cost  of  eight  millions  of 
livres—about  K  million  and  half  of  dollars.*'  We  are  not  aware  that  any 
description  of  it  in  detail  was  ever  published  dll  Belidor  inserted  a  short 
account  in  the  second  volume  of  his  Arohiteciure  Hydraulique  in  1739; 
.  and  such  was  its  magnitude  and  the  muldplicity  of  its  parts,  that  he  waa 

•  Hoitlaad,  pp.  632,  683.    '  Ibid  634.    <=  Norfolk  Tour,    Norwich,  17%. 

*  DeMfulian  wja  "m^itf  milliODs,  abont  (bar  niUioni  sf  pounds  sterlii^,"  tnt 
.Selidor  hsi  only  01(^1, 
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for  a  long  time  unwillinato  undertake  it*  elucidatiot],  on  account  of  the 
difficulty  of  deacribiof  it  with  sufficient  precbion.  Its  general  features 
may  be  tketclied  in  a  few  wordi,  but  a  volunie  of  letter-preu  and  another 
of  plates,  would  be  required  to  explain  and  delineate  the  whole  minutely. 

The  reservoir  or  head  of  the  aqueduct,  into  which  water  from  the 
Seine  was  rai&ed  by  thia  machioB,  was  constructed  on  the  top  of  a  hill, 
614  toisee,  or  three  quarters  of  a  mile,  from  the  river,  and  at  an  elevation 
of  533  feet  (English)  above  it  To  obtain  a  sufficient  motive  power,  the 
river  was  barred  up  by  a  dam,  and  its  whole  width  divided,  by  piles,  into 
fburteen  distinct  water  courses,  into  each  of  which  a  large  undershot  wheel 
was  erected.  The  wheels,  by  means  of  cranks  attached  to  both  ends  of 
their  axles,  iibparted  motion  to  a  number  of  vibrating  levers,  and  dirough 
these  to  the  piston  rods  of  between  200  and  300  sucking  and  forcing 
pumps  !  The  pumps  were  divided  into  three  separate  sets.  The  first  cort- 
tuned  64,  which  were  placed  near  the  river,  and  were  worked  by  six  of 
the  wheels  :  they  drew  the  water,  by  short  suction  pipes,  out  of  the  tiver 
and  forced  it  through  iron  pipes,  up  the  hill ;  but  instead  of  these  pipe* 
being  continued  directly  to  the  reservoir,  (which  might  have  been  done 
by  making  them  and  the  machinery  of  sufficient  strength,)  Rannequin 
made  them  terminate  in  a  large  cistern,  built  for  the  purpose,  at  the  dis- 
laaca  from  the  river  of  100  faUtoms  only,  and  at  an  elevation  of  about  160 
feet.  In  this  cistern  he  then  placed  79  other  pumps  (the  second  set)  to 
force  the  water  thence  to  another  cistern  224  fathoms  further  up  the  hill, 
and  at  an  elevation  of  185  feet  above  the  other.  In  this  last  cistem  8S 
pumps  more  (the  third  set)  were  fixed,  which  forced  the  contents  to  th» 
reservoir. 

In  thus  dividing  the  work.  Rannequin  made  a  mistake  for  which  no  in> 
genuity  could  compensate  :  as  the  second  and  third  sets  of  pumps  con- 
taining no  less  than  one  ktmdred  and  thty-Mt,  with  all  the  appanitus  for 
workine  them,  merely  transferred  through  a  part  of  the  distance,  the  wator 
which  the  first  set  drew  directly  from  me  river,  they  were  in  reality  un- 
necessary, because  the  6rst  set  might  have  been  made  to  forco  it  throngk 
the  whole  distance ;  hence  they  not  only  uselessly  consumed  (at  least) 
four  fiflhs  of  the  power  employed,  bat  they  rendered  the  whole  mass  of 
machinery  cumbersome  and  complicated  in  the  highest  degree  ;  and  eon- 
•equently  extremely  inefficient,  and  subject  to  continual  repairs.  Th« 
first  set  of  pumps,  as  already  observed,  were  worked  by  the  wheels  near 
which  they  were  placed,  and  the  remaining  wheels  imparted  motion  to 
the  piston  rods  of  the  second  and  third  sets,  in  the  two  cisterns  on  the  hill: 
of  these,  therefore,  eighty-two  pumps  were  stationed  at  an  elevation  of 
upwards  of  three  hundred  feet  abate  the  power  that  worked  them ;  and 
nearly  ha\f  a  mile  from  it  !  and  sevens-nine  were  one  hundred  fadioma 
from  the  wheel,  and  160  feet  above  them]  To  work  these  pumps,  a  num- 
ber of  chaiiu,  or  joinUd  iro»  rodt,  were  extended  on  frames  above  the 
ground,  all  the  way  from  the  cranks  on  the  water  wheels  in  the  nver  to 
both  cisterns,  where  they  were  connected  to  the  vibrating  beams  to  which 
the  piston  rods  were  attached.  It  was  the  transmission  of  power  to  snch 
elevations  and  extraordinary  distances  by  these  chains,  that  acquired  lor 
die  machine  the  title  of"  a  monument  of  ignorance." 

A  writer  in  the  Penny  Magasiue  (vol.  iv,  page  240)  who  examined  the 
machine  in  1815,  says  the  sound  of  these  rods  working  was  like  that  of  a 
number  of  wagons  loaded  with  bars  of  iron  running  down  a  hill  with 
ftxlea  never  greased.  The  creaking  and  clanking  (he  observes)  must  have 
BWtTineed  the  most  ignorant  person  that  the  expenditure  of  power  was 
esonnoualy  beyond  what  was  required  for  the  purpose  effected.    It  Iku 
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been  etdmated  tluit  96  per  cent  of  the  power  w«a  expended  in  comniaiii- 
BUin^  motion  to  the  Kppamui  1 

The  evil  of  working  the  pumpa  with  Bhaftx  and  chains  at  rach  gre&t 
distances  from  the  power,  was  leen  a  few  year*  after  the  machine  waa  - 
completed.  In  1738  an  attempt  was  made  by  M.  Camus  to  raise  the 
water  to  the  reservoir  by  k  sin^e  bft.  The  attempt  succeeded  but  par- 
tialty,  and  the  machine  was  much  strained  by  the  extraordinary  elfbrt, 
ohie6y  because  only  a  small  portion  of  the  power  waa  used ;  vit :  those 
wheels  that  raised  the  water  into  the  first  cistern ;  the  others  which  moved 
the  shafb  and  chains  abovomentioned,  not  being  applicable  for  the  pur> 
pose.  But  even  this  comparatively  small  power  forced  the  water  to  the 
reservoir,  and  thus  demonstrated  tbe  practicability  of  completing  the  work 
at  one  throw,  If  the  whole  apparetn*  had  been  adapted  accordingly.  No- 
diing  more  was  done  for  nearly  forty  years,  and  the  machine  proceeded 
B3  before  till  1776,  when  another  trial  was  made  to  raise  the  water  only 
to  the  second  cistern :  this  succeeded,  and  it  was  then  hoped  that  the  first 
cistern  would  be  dispensed  with  j  but  many  of  the  old  pipes  burst  from 
the  undue  strain  upon  tbem,  ftnancial  difGculties  impeded  their  renewal, 
and  the  old  plan  wu  once  more  resorted  to.  The  water  wheels  at  last 
fell  into  decay  and  were  replaced  by  a  steam  eneine,  of  tixty-four  horse 
power,  by  order  of  Napoleon ;  but  the  old  shofls,  chains,  pipes  and  cisterns, 
ftc.  still  remain. 

We  have  mentioned  only  295  pumpa,  but  there  were  in  all  upwards  of 
260 ;  some  being  feeders  to  others,  and  to  keep  water  always  over  the 
pistons  of  those  near  the  river.  As  each  pump  had  two  valves,  an  im> 
tnense  quantity  of  water  must  have  escaped  at  every  stroke  on  the  open> 
ing  and  closing  of  600  of  these ;  to  which  may  be  added  that  which  leaked 
past  the  leathers  or  packing  of  the  pistons,  and  through  the  innumerable 
joints.  The  64  pumps  near  Uie  river  were  placed  in  a  perpendicular  posi- 
tion and  had  solid  pistons.  They  resembled  No.  118,  except  that  the  suck- 
ing as  well  as  forcing  pipes  were  united  to  the  sides  of  the  cylinders  : 
those  in  d>e  oistems  nad  hollow  pistons,  and  the  cylinders  were  inverted 
and  immersed  in  the  water  :  one  of  them  is  represented  at  No.  136. 

Amehicah  watbr-works. — A  histoir  of  these  is  desirable  and  is  cer- 
tainly due  to  posterity.  There  are  circumstances  connected  with  their 
ori?m,  plans,  progress  and  execution,  especially  in  the  older  cities  of  the 
Union,  of  Mexico  and  the  Canadas,  that  ought  to  be  preserved.  An  ac- 
count of  them  woidd  be  useful  to  fiiture  engineers,  and,  as  a  record  of  his- 
torical and  atatisticBl  facta,  would  include  matter  of  general  interest  in  com- 
ing dmes.  The  circumstances  attending  the  first  use  of  pumps  and  fire- 
vngines,  &c.  may  now  be  deemed  too  trifling  to  deserve  particular  notice, 
but  they  will  increase  in  interest  as  time  grows  older.  When  the  destiny 
that  awaits  the  republic  is  accomplished- — when  the  eondnent  becomes 
studded  with  cities  from  one  ocean  to  the  other,  and  civilisation,  science 
and  self  government  pervade  the  whole,  the*  every  incident  relating  to  the 
early  cultivation  of  the  usefiil  arts  and  improvements  of  machinery  will  be 
sought  for  with  avidity  and  be  dwelt  upon  with  delight.  Why  should  not 
the  introduction  of  the  most  useful  materials,  manufactures  and  implements 
into  this  mighty  continent  form  episodes  in  its  history,  as  well  as  the 
fieeoe,  the  anger,  saw,  or  bellows  in  that  of  classic  Greece  1  And  why 
should  not  the  names  of  those  persons  be  preserved  from  oblivion  who 
here  made  die  first  pump  and  fire-«ogine,  the  first  coe  wheel  and  steam- 
engine— who  built  Ae  tirst  ship,  forged  the  first  anchor,  erected  the  first 
•aw,  slitting,  or  grist  mill — who  made  the  first  plough,  grew  the  first  wheat, 
Taiaed  the  first  silk,  wove  the  first  web,  oast  the  &st  type,  made  the  fitM 
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paper,  printed  the  first  book,  fee  See.  1  It  IB  luch  men  u  tfasM  and  theii 
luccesEors,  iLat  Found,  gtrengthen  and  enrich  a  nation — who,  without  of 
tentation  or  parade,  promote  its  real  independence — men,  whose  labors 
should  be  mentioned  m  the  national  archives  with  honor,  and  whose  sta- 
tues and  portraits  should  occupy  the  niches  and  panels  of  the  capital. 

The  precise  time  when  pumpn  were  first  introduced  into  New-York  is 
uncertain.  This  city,  as  is  well  known,  was  founded  by  the  Dutch  in  1614, 
who  gave  it  the  appellation  of  New-Amsterdam,  and  Co  the  colony  that  of 
New-Netherlands ;  names  that  were  continued  lill  the  British,  id  1664, 
took  poBsesgion  of  both  and  imposed  the  present  ones.  In  esimining  the 
manuscript  Dutch  records  in  the  office  ofthe  clerk  of  the  Common  Couii- 
cil :  (a  volume  of  which  induiUng  the  period  that  extends  from  May  29, 
1647,  to  1661,  has  been  translated,)  we  nave  not  met  with  any  reference 
to  puraps,  either  in  wells  or  as  fire^gines.  In  the  first  volnme  of  "  Jlf> 
tttua  oj  the  CommoM  Cbimetl"  (in  manuscript)  which  embraces  the  trana< 
sclions  from  October  1675  to  October  1691,  are  several  ordinances  relating 
to  vidU,  but  no  mention  is  made  of  pumps  or  other  devices  by  which  the 
water  was  raised.  In  the  second  volume  under  the  date  of  August  31, 1694, 
■  resolution  directed  that  "  the  public  wells  within  the  city  be  repaired  aa 
formerly."  From  the  following  extract  it  appears  that  the  water  wu 
raised  by  a  cord  and  bucket,  a  windlass,  or  a  swape :  September  24, 1700, 
"  Ordered  that  the  neighbourhood  that  live  adjacent  to  the  king's  &nD 
and  have  benefit  of  the  public  well  there  built,  do  contribute  to  the  oharga 
thereof  in  proportion,  or  ebe  be  debarred  from  drawing  water  there." 

In  the  third  volume,  containing  minutes  from  February  1702  to  March 
1722,  are  notices  respecting  wells  to  be  dug  and  others  to  be  filled  up,  bot 
nothing  is  said  respecting  pumps  being  placed  in  any.  The  same  remark 
BippUe*  to  the  fourth  volume,  mcluding  a  period  of  eighteen  years,  vis ; 
firom  April  1722  to  September  1740;  and  yet  it  would  seem  that  pumiw 
were  at  this  last  date  used  in  some  of  the  public  wells,  for  in  the  finli 
volume  under  the  data  of  October  25, 1741,  they  are  referred  to  in  a  "draft 
of  a  bill  for  mending  and  keeping  in  repair  the  public  wells  and  PIIMpb  in 
this  city  ;"  and  again  November  8,  1752,  a  bill  was  before  the  corpormtion 
"for  keeping  in  repair  the  public  wells  ANDPViirs;  and  January  10,1769, 
two  hundred  pounds  [were]  ordered  to  be  raised  "for  mending  and  keeping 
in  repair  the  public  wells  and  roups."  The  precise  period  when  pamiw 
were  first  introduced  is  therefore  uncertain;  but  from  the  langu^e  of  toe 
minute  of  October  1741,  It  would  appear  that  they  had  then  been  Mtna 
time  in  use  In  public  wella ;  and  from  another  minute  in  the  same  volume, 
in  private  wells  also,  for  it  was  ordered  that  "the  pump"  of  an  lodiTidail 
should  be  deemed  a  public  one  and  kept  in  repair  at  tne  public 
on  an  application  to  that  effect  being  made  by  the  owner. 

From  the  rapid  growth  of  the  city*  the  number  of  wells  was  ini 
■s  now,  every  year,  and  in  1774  measnrea  were  taken  to  inrare  ■  more 
abundant  supply  from  a  large  well  in  the  Collect,  the  water  to  be  raised, 
by  machinery  and  distributed  through  the  city  in  wooden  pipes.  On  the 
i^d  April  of  that  year,  Ckrittophtr  CoU*  proposed  to  the  cotponttion 
"  to  erect  a  reservoir  and  to  convey  water  ttirough  the  several  streets  of 
this  city."  The  proposi^n  was  subsequently  approved  of,  and  Hr,  Coles 
directed  "  to  enlarge  the  well  and  proceed.     A  committee  was  appoiutad 
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to  aaaitt  liim  and  to  miperintenil  the  voriu,  snd  Beveral  contracts  were 
nude  for  roBterialB.  To  meet  the  expense  <>£2500  in  treaaury  ootes  were 
ordered  to  be  iMued,  and  subsequently  further  amounts  were  printed  and 
issued.  One  of  die  small  notes  is  now  in  the  poBseasion  of  John  Lozier, 
Esq.,  superintendent  of  the  Manhattan  water- works,  and  ii  in  these  words : 

NEW-YORK  WATER-WORKS. 
No.  3842. 
TMt  nou  thaU  mtitle  the  bearer  to  (Ae  mm  of  TWO  SHILLINGS, 
eurrait  money  of  the  colony  <f  Ksw-Yoia.,  payable  on  demand,  by  the 
Mator,  Aldebmbn  and  CaisuonM.Ti  of  thf  citt/  of  New-York,  at  Che  offict 
of  ckam&erlaut  of  the  laid  city,  purtuant  to  a  vote  of  the  laid  Mayor,  At- 
denHCH  aitd  Commtmalty  qfthU  date.  Dated  the  teeond  day  of  Attgutt.tht 
ytar  <ftMit  Ijord  o»e  thimtand  teeen  htaidred  and  levetUy-fve. 

By  order  of  the  Corpm-atioH,  Wh.  Wasdell, 

ii*.  J.  H.  Cbuqeh. 

U  app««rs  that  the  well  (near  White  atreot)  was  enlarged,  and  a  reser- 
voir built,  but  no  pipes  were  laid  nor  machinery  to  raise  water  erected 
before  the  war  broke  out  and  put  a  stop  to  the  work.  The  project  was 
not  again  revived  till  1797,  when  the  Manhattan  Company  was  incorpo- 
rated :  the  present  wells  were  dien  made  and  the  water  raised  by  three 
or  four  common  forcing  pumps,  worked  by  horses.  These  pumpa  raised 
the  water  bv  atmosphenc  pressure  twenty'five  feet,  and  forced  it  forty 
feet  higher,  mto  a  reservoir  m  the  Park  where  the  post  oSice  is  now  (1840) 
located.  In  1804  the  pumps  were  replaced  by  two  double  acting  ones 
(No.  122)  fifteen  inches  in  diameter  and  with  a  stroke  of  four  feeL  They 
were  and  still  are  worked  bv  one  of  Watt's  steam-enginea.  The  water 
is  raised  to  the  same  elevation  as  before.  These  works  will  probablv 
be  discontinued  as  soon  as  the  Croton  aqueduct,  now  being  constructea, 
is  finished. 

The  first  water-works  of  Philadelphia  were  commenced  in  1799,  and 
consisted  of  forcung  pump*,  worked  by  ateam-engines  which  raised  water 
from  the  Schuylkill  into  a  reservoir  conatructed,  at  an  elevation  of  50  feet, 
on  the  banks  of  that  river ;  and  from  which  it  was  conveyed  to  the  city 
b  pipes  of  bored  logs.  In  1811  the  "  city  councils"  appointed  a  com- 
mittee to  devise  meana  for  procuring  a  more  perfect  supply  than  these 
works  afforded  :  and  shortly  afWr  it  was  determined  to  erect  two  ateam- 
entnnes  and  pumps  on  another  locauon,  via :  at  fair  Mount,  two  miles 
and  a  half  from  the  city,  and  near  the  upper  bridge  that  crosBes  ihe  Schuyl- 
kill. A  reservoir  318  feet  in  length,  167  in  width,  and  10  in  depth,  was 
made  at  an  elevation  of  98  feet,  into  which  the  pumps  forced  water  from 
the  river. 

The  great  expense  attending  the  employment  of  steam-engines  led  to 
the  adoption  (in  1819}  of  water  as  the  moving  power.  A  dam  was  erected, 
and  in  1822  three  water  wheels  were  put  in  operation ;  these,  by  cranka 
on  their  axles  imparted  motion  through  a  connecting  rod  to  the  pistona  of 
die  pomps.  In  addition  to  the  water  consumed  in  turning  these  wheels, 
»  surplus  remained  to  work  five  additional  ones,  whenever  the  wants  of 
the  dty  might  require  them.  An  additional  i<e«ervoir  was  also  made, 
which  contains  four  millions  of  gallons.  The  water  in  both  is  102  feet 
shove  low  tide,  and  56  above  the  highest  ground  in  the  city.  Iron  pipes 
w«re  also  substituted  for  the  old  wooden  ones.  The  'whole  was  executed 
nnder  the  directions  of  F,  Gtraff,  Esq. 

We  took  the  opportunity  whU«  at  Philadelphia  in  October  of  the  pre- 
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•ent  year  (1840)  to  riaU  Fair  Moimt.  Six  breast  wheels  (16  feet  long  and 
16  feet  in  diameter)  were  in  operation ;  each,  by  a  crank,  on  one  end  of 
its  axle,  connnunicadng  motion  to  the  piston  rod  of  a  eingte  pump,*  The 
pomps  are  double  acting,  the  same  aa  iigured  and  descnbed  at  page  271. 
They  are  placed  a  little  below  the  axles  of  the  wheels  and  in  nearly  a  ho- 
rizontal portion.  The  cylinders  are  16  inches  diameter;  and,  that  th« 
water  may  not  be  pinched  in  its  passage  into  and  escape  from  them,  the 
induction  and  eduction  pipes  are  of  die  same  bore;  and  all  angles  or 
abrupt  changes  in  their  direction  and  those  of  the  mains  are  svcHded.  The 
stroke  of  two  or  three  of  the  pumps  was  four  feet,  and  their  wheels  made 
fourteen  revolutions  per  minute  :  the  others  had  a  strake  of  five  feet  tea 
inches,  and  the  wheels  performed  eleven  revolutions  in  a  minute,  conse- 
quently the  contents  of  the  cylinders  of  the  latter  were  emptied  into  the 
reservoirs  twenty-two  times  in  the  same  period,  and  those  of  the  form«r 
twenty-eight  times.  The  cylinders  are  fed  under  a  head  of  water  from 
the  forebayg  and  they  force  it  to  an  elevation  of  9fi  feet,  through  a  dis- 
tance of  290.     An  sir  chamber  is  adapted  to  each. 

It  is  impossible  to  examine  these  works  without  paying  homage  to  the 
science  and  skill  displayed  in  their  design  and  execution ;  in  these  res- 
pects no  hydraulic  wnrks  in  the  Union  can  compete,  nor  do  we  believe 
they  are  excelled  by  any  in  the  world.  Not  the  smallest  leak  in  any  of 
the  joints  was  discovered  ;  and,  with  the  exception  of  the  water  rushing 
on  the  wheels,  the  whole  operation  of  forcing  up  duly  millions  of  gallons 
into  the  reservoirs  on  the  mount,  and  thus  furnishing  in  abundance  one  of 
the  first  necessaries  of  life  to  an  immense  population — wm  performed  with 
less  noise  than  is  ordinarily  made  in  working  a  smith's  bellows  !  The 
picturesque  tocadon,  the  neatness  that  reigns  m  the  buildings,  the  wsllu 
around  the  reservoirs  and  the  grounds  at  uu'ge,  with  the  beauty  of  the  sur- 
rounding scenery,  render  the  name  of  this  place  singularly  appropriate. ' 

Dr.  T,  P.  Jones,  the  talented  editor  of  the  Journal  of  the  Franklin  Iit- 
Btitute,  promised  his  readers  "  A  history  of  the  origin,  progress  and  pr»- 
aent  state  of  the  Water-works  at  Fair  Mount,"  some  years  ago,  but  which 
has  not  yet  been  published.  His  femiliori^  with  the  subject  in  general, 
and  with  those  works  in  particular,  would  make  the  history  highly  intei^ 
estiog  to  the  present  generation,  and  a  source  of  valuable  mformation  t» 
future  ones.  See  Journal  of  the  Franklin  Institute,  voL  iii,  first  series ; ' 
which  contsins  a  plan  and  section  of  one  of  the  wheels  and  one  of  the 
pumps. 

■What  a  eonlnst  with  Am  old  noibi  at  London  bridgs,  whsra  one  wbsal  wsiked  so- 
(Ma  small  pnmp*  |  die  friction  of  Ilia  namaron*  piHons  aad  dia  appaiattu  for  moring 
Asm  oMMamiif  a  great  portiou  of  dia  power  MBplofwL 
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CHAPTER    VII. 

TaM-trntnA;  PrvbibLy  UAd  !■  Vabykih  ladTyi* — Employed  bjattJtetitw*rriqrt--Qlh«J*Tkwpf 
ttaiti*— Fln-tBfiiiH  nhrnd  U  br  ApulIailDrH— TImh  pnlnbly  aqiwl  in  •■■«  u  Mn  i  flplriull*  of 
Harvi ;  Plr*-a>(liH  dHcribsd  In  it— Punpt  uad  u  pmau  iMl«gr«fcj—  Oi«k  In,  ■  liqiM  pnt- 
>KUil  bj  paap*— FicH  ud  win 

naffH*-UH 

ruT>^|u,ud 

iTsaal — DaUiUiila  pracEioa  af  Cnnu — pDrUbLa  v^LbAa  in 
ttam  tka  SplriltUk— Farfonu  la  tin  iBidilla  •(»— 8a|«ntiikmi  vitb  iifud  te  flm— yiraa 

la  BKul,  WrakH  da  Wonla,  Bambji  a«i|«  awl  Pattr  Manyr  napuUat  tbiM    giabia. 

dT  an  ^J  daki  of  JIUiD-'Fkimiii'i  appanua  bum  Aliiaila— Sfrlnfai  luad  ia  1  ladla  w 

M  lT(b  caatarr— ftiill  aaplarad  In  GaBiMiidBe|ili — Aaaadate  if  ika  Capadaa  ttthm 


Op  the  macfaines  described  in  the  lit  and  Sd  books  some  ore  employed 
in  raigine  water  for  the  irrigatioa  of  land,  and  for  numerous  pttrposes  of 
mral  and  domestic  economy  ;  odiera  in  Tuioas  operations  of  eneineenDg 
and  the  arts,  bnt  with  the  exeepdon  of  the  centrinigal  pumps,  (Nob.  90,  6, 
and  7,)  the  Uquid  falls  inertly  from  them  all— t.  e.  it  is  not  fOTcibly  ejected 
as  from  a  forcing  pump  or  syringe  :  whether  it  be  poured  from  a  bucket, 
drawn  from  a  eutter,  escape  from  a  noria,  or  from  me  orifice  of  a  screw, 
or  the  spout  oi  nn  atmospberie  pump,  it  flows  from  each  by  the  inflnence 
of  grETity  and  consecjuenlly  detxndt  as  it  flows— such  machmea  are  there- 
fore inapplicable  for  projecting'  water  on  fires,  because  fbr  this  purpose  the 
liquid  is  required  to  attend  after  leaving  the  apertures  of  discharge  and  with 
a  Telocity  sufficient  to  carry  it  high  into  the  air ;  and  also  when  conveyed 
to  a  distance  through  flexible  or  other  tubes,  to  be  delivered  from  them  at 
elevations  far  above  the  machine  itself.  As  these  effects  are  produced  by 
die  pumps  described  in  the  present  division  of  the  subject,  most  of  them 
have  at  aiflerent  times  been  adopted  as  fire-engines ;  some  account  of  these 
important  machines  may  therefore  be  inserted  here. 

Water  is  the  grand  agent  that  nature  has  provided  for  the  extingnisb- 
ment  of  flames,  and  contrivances  for  applying  it  with  effect  have,  in  every 
civilized  country,  been  asridnously  sought  for.  In  the  absence  of  more 
suitable  implements,  buckets  and  other  portable  vessels  ofeapocity,  at  hand, 
have  always  been  seised  to  convey  and  throw  water  on  fires;  and  when 
used  with  celerity  and  presence  of  mind  at  the  commeikcement  of  one  have 
often  been  sufficient;  butwhenaconflagraUon  extends  beyond  their  reach, 
die  fate  of  the  burning  pile  too  often  resembles  that  of  the  ships  of  Eneas : 
Nor  backets  ponred,  nor  slTanctli  of  haoian  band 
Can  dw  Tietorioiu  elsment  wiltuland.  E»tid,  r. 

The  neceSNtyofsomedeviceby  which  aitreom  of  water  mi^t  be  forced 
from  a  distance  on  flames  must  have  been  early  perceived,  and  if  we  were 
to  judge  from  the  frequency  and  extent  of  ancient  conflae^rations,  (he  pro- 
digious amount  of  property  destroyed,  and  of  human  misery  induced  by 
them,  we  should  conclude  that  ingenious  men  of  former  times  were  stimu- 
latsd  in  an  unusual  degree  to  invent  machines  for  the  purpose.  That  this 
was  the  case  cannot  well  be  questioned,  aldiough  no  aceoont  of  their  Isr 
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by  their  ingennitv  for  the  emergency.  Nor  tre  we  left  wholly  to  conjee- 
tare  respecting  their  knowledge  of  hydraulic  or  pneumuic  inacbiDeiT, 
Mnce  the  most  memorable  macuine  for  rwaing  water  in  the  ancient  world 
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bon  hat  reached  our  tinie*.  It  aeema  exceedingly  probaiUe  dwt  some 
kind  of  fire-enginei  were  uaed  in  the  celebrated  cuies  of  remote  antiquity 
— ^  Nineveh,  Tyre,  Babylon  and  others.  It  'u  scarcely  pouible  that  the 
Tyrian  and  Babylonian  meobanioiaiu,  whoae  iuTendve  talents  and  ikill 
were  proverbial,  ahouM  have  left  their  splendid  cides  destitute  of  such 
means  for  preserving  them  from  the  ravages  of  £re.  If  the  great  extant 
<^  Babylon,  for  example,  be  considered,  its  location,  (on  an  extensive  plain,} 
the  length  of  its  streets,  (fifteen  miles,)  the  height  of  its  buildings,  {three 
and  four  stories,]  and  its  unrivaled  wealth,  together  with  the  neat  and 
dryness  of  the  cUmate ;  the  necessity  of  such  machines  will  be  apparent, 
'  and  what  appears  necessary  to  us,  we  may  rest  assured,  appeared  e<jually 
mechanicians,  and  that  they  were  quite  as  capable  of  providing 
a  left  wholly  to  conjee 
pneumatic  macbineiy 
er  in  the  ancient  woru 
was  made  and  used  at  Babylon,  and  one  which,  as  has  been  elsewhere 
observed,  greatly  exceeded  in  the  elevation  to  which  it  raised  it,  all,  or 
BMi-ly  all  Sie  water-works  of  modem  days.  Hod  tiiey  engines  like  ours 
then  f  We  dare  not  say  they  had,  although  we  see  iKithing  improbable 
in  the  opinion :  the  antiquity  of  the  syringe  is  unquestionable ;  and  its  ap- 
plication to  project  water  on  flames  must  nave  been  as  obvious  in  remote 
as  in  present  times  ;  and  people  would  as  naturally  be  led  then  as  now, 
to  construct  large  ones  for  that  purpose. 

There  are  other  reasons  for  believing  that  syringes  or  pumps  for  squire 
iaa  water  on  fires  were  in  use  previous  to  the  time  they  are  first  meutioo- 
ea  in  history.  Fin  was  one  of  the  most  common  and  most  destructive 
agents  employed  in  ancient  wars.  Wlien  a  city  was  besieged  or  asseultad, 
it  was  the  first  object  with  the  assailants  to  protect  the  moving  towers,  ia 
which  iheaz  battering  engines,  tec.  approached  the  walls,  from  being  con- 
sumed by  fire,  oil  and  pitch,  ftc  thrown  upon  them  from  the  ramparts. 
Every  source  was  exammed  that  ingenuity  could  unfold,  for  muerials  and 
devices  to  protect  them;  u>d  as  not  only  the  lives  and  property  of  the  ia- 
kabitants,  but  often  the  destinies  of  armies  and  even  oi  nations  were  oo 
such  occasions  at  stake,  it  is  reasonable  to  conclude  that  the  most  perfect 
apparatus  which  could  then  be  procured,  were  employed  both  tor  destroy- 
ing buildings  by  lire,  and  also  for  preserving  them  irom  it.  We  know 
that  men  were  specially  trained  to  fire  buildings,  and  that  they  were  ex- 
pert in  their  profession,  especially  in  shooting  lifted  airows  and  iuta 
into  and  upon  sonctures  that  coiild  not  be  approached ;  hence  the  neoM- 
•ity  of  devices  for  throwing  water  upon  these  missiles  and  the  places  in- 
fiuned  by  Ihem.  There  is  an  aUnnon  to  both  practices  in  the  lifHSlla  to 
die  Epbesians,  vi,  16.  Such  a  system  of  warmie  could  never  have  beeo 
earned  to  the  extent  that  it  was,  and  for  so  many  ages  too,  among  the  cele- 
brat«d  nations  of  old,  without  forcing  pumps  or  something  like  them  bein^ 
used  to  sqmrt  water  on  such  parts  as  could  not  be  reeched  by  it  whea 
thrown  from  the  hand.  We  cannot  conceive  how  the  constant  repetition 
of  one  army  applying  its  energies  to  the  destruction  of  another  by  mean* 
of  lire,  ana  the  latter  equally  intent  on  devising  and  applying  means  to 
exdngnish  it,  without  the  application  of  the  syringe  and  of  mM-hir^M  on  th« 

Jirindple  of  the  bellows  occurring  to  them— an  application  so  obvioiu 
evem  than)  that  the  slightest  mental  effort  to  produce  a  contrivance  bt 
the  purpose  could  not  have  overlooked  it,  even  if  the  occ«aions  were  id 
little  moment,  much  less,  when  the  inventive  powers  of  armies,  and  of 
nulilu^  engineers  in  particular,  were  engaged  in  the  reseaicli,  and  the  fata 
•f  mHods  oapMided  upon  the  tesolt.    F»m  a  remark  in  one  of  Flii^'s 
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letten,  to  whicli  we  sKall  presently  refer,  it  appeari  diu  among'  tlie  Romuit 
individuals  were  brought  up  to  the /irv/MnoN  of  eiiiuguiiliiDg  firea. 

The  Hdepote*,  or  '  town  takerB*  of  Demetrius,  although  proofs  of  hia  me- 
chanicaj  genius,  would  hare  availed  him  little  at  the  siege  of  Rhodes,  nor 
the  movable  toweri  of  Hannibal  at  Saguntum,  if  these  warrion  had  not 
been  in  possession  of  means  to  prevent  diem  from  being  consumed  hy  the 
fire  of  the  besieged — of  materials  to  resist  its  effects,  and  apparatus  to  ex- 
tinguish it.  That  the  resources  of  the  ancients  in  these  respects  were  not 
inferior  to  ours,  may  be  inferred  from  several  historical  facts  respectiuE 
their  modes  of  securing  these  towera.  They  were  generally  covered  with 
raw  bides,  leather  soakei)  in  water,  or  cloth  made  of  bair,  and  sometimes, 
although  seldom,  they  were  plated  with  metal.  Such  were  some  of  those 
employed  by  Titus  at  the  siege  of  Jerusslem.  They  were  seventy-fiva 
feet  high  and  were  covered  all  over  with  sheets  of  iron ;  perhaps  nothing 
else  could  have  resisted  the  incessant  torrents  of  fire  which  the  inTuriated 
Jews  showered  upon  them.  But  a  singular  proof  of  the  sagacity  and  re- 
searches of  the  ancients  is,  that  the  modem  application  of  lUitm  to  render 
wood  incombustible  was  also  known  ;  for  Arehelaus,  one  of  the  generals 
of  Mithridates  in  a  war  with  the  Romans,  washed  over  a  wooden  tower 
with  a  solution  of  it  and  thereby  defeated  all  the  attempts  of  Sylla  to  set 
die  structure  on  fire.     Thus  we  see  that  when  raechamcal  means  failed 


them,  or  were  not  at  hand,  they  had  recourse  to  chemical  ones.  But  that 
water  and  machines  for  dispersing  it,  were  extensively  employed  on  sucb 
occasions  appears  from  a  remark  of  Vitruvius.  He  observes  that  the  lower 
Stories  of  the  towers  contained  large  quantities  of  water  for  the  purpose 
of  extinguishing  lire  thrown  upon  them.  Of  course  they  had  means  of 
projecting  it  wherever  re<juired,  but  of  these  unfortunately  he  is  silent. 
Hontfaucon  has  engraved  a  figure  of  a  species  of  wheel  for  the  purpose, 
bvt  its  representation  is  too  imperfect  to  indicate  the  twiure  oi  the  nu- 
diine  of  wnich  it  seems  to  have  formed  a  part. 

That  machines  of  the  pump  kind  were  used  on  these  occasions  is  evi- 
dent from  the  temporary  contrivance  of  Apollodoms,  mentioned  in  the  re- 
mains of  a  work  of  bis  On  War  MaeAina,  and  quoted  by  Professor  Beck- 
man.  We  have  noticed,  at  page  235,  one  of  his  plans  for  extinguishing 
fire  in  die  upper  parts  of  a  building,  and  that  to  which  we  now  refer  is 
from  the  same  passage.  Water,  he  observes,  may  be  conveyed  to  elnated 
fiaeet  when  exposed  to  fiery  SarU,  by  means  of  the  entrails  of  an  ox  : 
diese  natural  tubes  being  connected  to  a  bag  filled  with  water ;  by  com- 
pressing the  bag  tbe  liquid  wiU  be  forced  through  them  to  its  place  of 
destination,  l^is  device,  he  says,  may  be  adopted  when  the  markime 
called  8IPH0  it  not  at  hand.  Now  if  we  had  not  known  that  the  term 
sipho  was  anciently  used  to  designate  synnges  and  odier  tubular  instra- 
tnents,  the  substitute  which  Apollodoms  here  proposes  sufficiently  proves 
that  it  was  a  forcing  pomp  to  which  he  refers,  and  one  too  that,  like  onr 
fire-engines,  was  furnished  with  leathern  hose  through  which  the  water 
was  conveyed  to  tbe  "elevated  places"  he  mentions.  The  importance  of 
flexible  pipes  accompanying  the  pump  or  sipho,  when  employed  in  war, 
is  obvious;  for  one  of  the  objects  of  those  who  irew  "fiery  darts"  on  the 
tower*  and  other  structures,  was  to  fire  them,  if  possible,  at  places  inac- 
cessible to  water  for  the  most  difficult  to  be  reached — hence  the  necessi^ 
not  only  of  engines,  to  project  streams  of  that  liquid,  but  also  of  such  tubn 
to  Unci  it  to  die  places  inflamed :  and  hence  the  suggestion  of  the  tubes 
■Hntioned  by  Apollodoms  when  artificial  ones  were  not  to  be  procured : 
•n  ox  w«a  alwars  within  the  reach  of  an  amty. 

As  these  engines  would  of  course  be  similar  to  rack  as  were  used  to 
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exdnguich  fine  in  cities  in  dmes  of  peace,  it  is  to  be  regretted  that  neitlicr 
ApoUodoruB  nor  Vitruvius  has  described  them :  perhaps  they  were  too 
conunoQ  to  have  beea  thought  worthy  of  particular  notice.  Id  the  design 
and  B^cecution  of  their  essential  pans,  they  were  probably  equal  to  our  best 
engines.  Some  persons  may  doubt  this,  but  it  should  be  remembered  that 
the  nature  of  ancient  wars  naturally  led  to  the  best  conBtruction  of  all  mi- 
litary machinery ;  and  of  defensive  apparatus,  enginea  to  extinguish ,^re 
could  not  have  been  the  least  important,  when  that  element  was  univer- 
sally employed.  The  contests  oi  the  ancients  were  often  those  of  mecha- 
nical skill  rather  than  of  fighting— conflicts  of  talent  in  eugineering  than 
in  generalship  ;  hence  the  mgcnuity  displayed  in  their  machinery  and  the 
wonders  wrought  by  it.  Archimedes,  by  superior  machines,  protected 
Syracuse  for  eight  months  against  all  the  efforts  of  the  legions  of  Marcellua 
and  the  Roman  engineers.  The  successes  of  Demetnus  end  Hannibal 
were  oflen  due  to  the  novelty  of  their  engines :  the  Carchagsnian  machin- 
ists were  Indeed  proverbially  skilful,  so  much  so,  that  In  Rome  itself  any 
cunous  piece  of  mechanism  was,  by  way  of  eminence,  named  ;>Mi«.  An- 
cient armies  were  also  often  employed  in  obtuning,  raising  and  cutting  off 
wal«r ;  the  hydraulic  engines  of  Ganymede  nearly  ruined  Ctesar  and  hia 
army  in  Alexandria,  Cyrus  took  Babylon  by  diverting  the  course  of  tho 
Euphrates,  &%.  The  frequent  use  of  hydraulic  engines  in  war  either  to 
extinguish  fires  or  for  other  purposes,  would  naturaUy  lead  to  skill  iii  mak- 
ing aa  veil  as  in  usbg  them. 


No.  141.    Efrptiu  FJn-BnfiH  «riluSd  cuDturr  barDrn  Chrial,  (hm  Hermit  SpUiuUl. 

That  the  idea  of  employing  forcing  pumps  as  fire-engines  was  not  new 
in  the  time  of  ApoHodorus  or  Vitruvius,  we  have  conclusive  evidence,. 
Among  the  small  number  of  ancient  writiags  that  escaped  destruction  in 
those  dark  and  turbulent  ages  that  intervened  between  ihe  decline  of  tha- 
Roman  power  and  the  introduction  of  priutuig  into  Europe,  was  a  Gtvek. 
manusenpt,  containing  an  account  of  various  devices  for  the  application  of 
water,  and  among  them  an  engine  for  extinguishing  fires.  This  small 
work  was  illustrated  with  figures,  like  the  original  work  of  Vitruritu. 
Several  Latin  tranalations  were  made  and  published  in  the  16th  and  17llt 
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centones,  and  moat  of  them  wer«  ornamented  widi  copies  of  the  originnl 
iUueCracions.  This  was  the  SptnttUia  of  Heron,  to  which  we  have  olreadj 
referred,  (page  270.)  Ab  the  engine  may  interest  some  readers,  a  figure 
.of  ic  ia  annexed.     See  No.  141  on  the  preceding  page. 

To  persons  not  familiar  with  hydraulic  machinery  this  figure  will  ap- 
pear  a.  rude  and  imperfect  affair;  but  notwithstanding  its  antiquity  and  the 
mutilations  which  it  has  uuquostionably  sustained  in  passing  throngh  the 
hands  of  copyists,  it  exhibits  nearly  all  the  essential  elements  of  a  modem 
engine.  Like  the  machine  of  Ctesibius,  Heron's  engine  consista  of  two 
braiu  forcing  pumps  connected  to  one  discharging  pipe.  The  cylbders 
are  secured  to  a  base  of  wood  and  are  partly  munersed  in  water;  they 
are  described  in  the  text  as  turned  or  bored  very  smooth,  with  pistons  ac- 
cnrately  fitted  to  work  in  them.  The  piston  rods  are  attached  by  bolls  to 
a  double  lever  at  equal  distances  from  the  centre  or  falcrnm  at  A.  The 
carriage  not  being  neceasary  to  elucidate  the  principle  of  the  machine  was 
omitted  by  Heron.  The  rectangular  figure  into  which  the  upper  part  of 
the  discharging  pipe  is  formed,  has  certainly  been  added  by  some  trans- 
criber of  the  manuscript,  Neither  Heron  nor  his  contemporaries  could 
have  made  such  an  obstacle  to  the  issuing  fluid,  and  nothing  of  the  kind 
is  mentioned  in  the  text.  There  is,  moreover,  conclnsive  evidence  that 
the  figure  has  been  altered;  for  example,  there  is  no  provision  represented 
<by  which  the  directionof  the  perpendicular  jet  can  be  changed,  and  hence 
AH  ennne  made  according  to  it,  would,  on  this  account  alone,  be  useleES; 
DOW  Heron  not  only  describes  a  movable  tube,  fitted  by  a  joint  (goose 
neck)  to  the  perpendicular  one,  by  turning  of  which  the  water  conid  be 
'discharged  on  any  given  place,  but  he  reierg  his  readers  to  the  figure  of 
-it  in  the  illustration. 

Had  Heron's  machine  an  air  chamber  t  This  is  an  interesting  Question, 
Knoe  if  it  were  determined  in  the  affirmative,  there  would  be  little  leA 
for  the  modems  to  claim  in  fire-engines  except  details  in  the  construction 
of  the  carriages  and  other  matters  of  minor  importance,  that  have  been 
left  uiwoticea  in  the  Spiritalia.  The  accounts  of  machines  by  audcnt  au- 
thors a>e  generally  very  concise ;  they  did  not  think  it  necessary  to  enter 
into  that  minudee  of  narration  that  characterixes  the  specifications  of  modem 
patents,  nor  would  it  have  been  of  much  use  to  us  if  they  had,  but  the 
contrary,  for  the  multiplicity  of  mere  technical  terms  would  raiher  have 
increased  than  removed  our  embarrassments.  This  is  evident  from  th« 
variety  of  explanations  given  of  a  few  such  terms  that  Vitruvius  employs 
,ia  describing  some  of  the  inventions  of  Ctesibius  and  other  mechanicians  : 
hence  in  all  the  accounts  of  ancient  maeHimery,  it  was  of  more  importance 
to  preserve  the  figures  or  illustrations  than  the  text  from  corruption. 

The  description  of  Heron's  engine  which  the  toxt  and  the  figure  afford, 
is,  to  persons  conversant  with  such  machines,  sufficiently  explicit,  with  the 
exception  of  that  part  of  both  which  relates  to  the  discharging  pipe  and 
apparatus  connected  to  it — or  in  other  words,  to  the  air  vessel,  for  that 
there  was  one,  we  think  every  intelligent  reader  will  presently  admit. 
Had  the  figure  been  always  exactly  copied  by  the  multipliers  of  manu- 
scripts, of  courae  no  obscurity  would  here  have  been  felt,  ont  even  in  the 
state  in  which  it  has  reach«l  ue,  an  air  vessel  it  certainly  portrayed.  It 
may  be  asked.  If  this  be  so,  why  was  it  not  discovered  before  1  Possibly 
bei^use  no  one  aovght  pantenlarly  for  it :  its  diminutive  size  and  general 
resemblance  to  a  plain  tube  would  prevent  any  one  else  from  recognizing 
it.  It  will  be  seen  in  the  figure  ttiat  one  part  of  the  discharging  pipe 
descends  into  an  enlarged  portion  of  that  below  it,  and  that  a  space  is  left 
between  them ;  thus  constituting  an  air  chamber,  and  precisely  of  the  same 
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plan  Eg  thote  generally  used  m  enginea  at  this  day.  This  part  of  the  figure 
(and  thia  alone)  in  Commandiue's  tranalatioti  of  the  Spiritalia  is  not  shown 
in  section,  but  ths  arrangement  of  the  pipes  is  precisely  aa  shown  in  the  cut. 
Now  this  addition  to  the  discharging  pipe  could  not  have  been  made  in 
the  16th  century,  when  the  work  Tell  into  the  hands  of  printers  and  en- 
gravers, for  at  diat  time  the  use  of  it  wb«  not  known,  while  from  the  Hmoll 
aiinenuoDa  figured  it  could  have  been  of  no  service.  That  it  originated 
with  Heron  and  formed  a  prominent  feature  in  the  original  figure,  is  evi- 
dent from  die  text :  when  speaking  of  the  escape  of  the  water  from  thia 
part  of  the  machine,  he  expressly  states  that  it  was  forced  out,  in  the  same 
maniter  as  out  of  a  vase  or  fountain,  which  he  had  previously  described, 
by  neatu  of  eompreutd  air — 'per  aerem  m  ipto  a/mpretttm.'^  Nothing 
can  be  plainer  than  this ;  for  every  manufacturer  of  pumps  knows  that  in 
die  absence  of  an  air  vessel  there  could  have  been  no  air  to  compress. 

It  is  an  interesting  circumstance  in  the  history  of  this  ancient  engine 
diat  the  air  vessel  should  have  been  preserved  throu^  so  many  ages  when 
ita  use  was  not  known.  While  its  size  was  diminished  its  form  waa  re- 
tained. It  is  no  wonder  that  the  old  copyists  considered  it  an  unsightly 
and  unnecessary  enlargement  of  the  discharging  pipe,  and  hence  they  re- 
duced it  accordingly — certainly  the  fancy  that  could  add  the  rectangular 
twist  to  the  npper  part,  would  not  hesitate  to  remove  the  supposed  defor- 
mity from  the  lower  one.  Some  persons,  deceived  by  the  imperfect  re- 
presentation, have  supposed  that  such  engines  were  not  used  in  the  time 
of  Heron,  and  that  the  figure  and  descripdon  were  inserted  in  his  work  as 
mere  hints  for  future  mechanicians  to  improve  on ;  but  the  description 
sufficiently  indicates  that  dmilar  machines  were  in  actual  use.''  The  ma- 
terials and  workmanship  of  the  pumps — metallic  pistons  and  spindle  valvea, 
with  guards  to  prevent  the  latter  from  opening  too  far ;  the  mode  of  form- 
ing the  goose-neck>by  a  kind  of  swivel  joint,  somewW  like  the  union  or 
(WupUng  screw  ;  the  application  of  an  air  vessel;  two  pumps  forcing  ^Bater 
dtrough  one  pipe,  and  both  worked  by  a  double  lever,  are  proofs  that  the 
machine  desbnbed  by  Heron  was  neither  an  ideal  one,  nor  of  recent 
origin  or  use.  There  are  features  in  it  that  were  very  slowly  developed 
by  manu&cturers  in  modem  dmes.  It  ia  not  at  all  improbable  that  an- 
cient engines  wore'  equal  in  effect  to  the  best  of  ours ;  but,  whether  they 
were  or  not,  one  thing  is  certain,  that  to  the  ancients  belongs  the  merit  of 
discovering  the  principles  employed  in  these  machines  and  of  applying 
them  to  practice.  It  is  remarkable  too,  that  fire  engines  made  their  first 
appearance  in  Egypt,  thus  adding  another  to  the  numeroas  obligadons 
under  which  that  wonderful  country  haa  placed  civilised  nadons  in  all 
dmes  to  come. 

Having  noticed  the  use  of  pumps  to  exttagMtA  fires  in  ancient  war&re, 
ive  may  remark  that  they  were  also  employed  in  the  middle  ages,  if  not 
before,  to  promott  conflagrations,  viz :  to  lanch  streams  of  Greek  fire.  This 
myateriona  subatance  is  represented  aa  a  liquid  :  Beckman  says  it  cer- 
tainly waa  one  ;  and  so  far  from  being  quenched,  ita  violence  was  aug- 
mented by  contact  with  water.  It  waa  principally  employed  in  naval 
combats,  being  encloaed  in  jars  that  were  thrown  into  the  hostile  vessels. 
It  was  also  blown  through  iron  and  copper  tubes  planted  on  the  prows  of 
galleys  and  fancifully  shaped  like  the  mouths  of  animala,  which  aeemed  to 
vomit  streams  of  liqnid  fire.  Thera  ia  among  the  figures  of  war  machines 
in  the  old  German  tnnalatiott  of  Vegedus  already  mentioned,  one  thai 

*  Spirililia,  p.  70. 

*  BipboDM  aoUm  qidma  tttamnr  ad  '—"v't  hoc  nedo  i»nstiiiiuitDr.-Jbid. 
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Ondging  from  the  flames  iMniii^  Jrom  monBtrous  onim&ls'  mcraths)  seems  to 
have  been  designed  for  projecting  Cireek  fire,  though  it  ia  difficult  to  per- 
ceive how  it  was  done.  Another  mode  of  using  this  terrible  material, 
was  by  forcing  it  in  jets  "  by  means  of  large  fire-engineE,"  and  oometimea 
"  the  Boidieni  aquitted  it  from  hand  engines."  Its  effecta  upon  those  on 
whom  it  was  thrown,  seem  to  have  been  somewhat  stmiiar  to  those  pro-  ■ 
ducedby  the  composition  of  alcohol  and  spirits  of  turpentine  recently  adopt- 
ed aa  a  substitute  for  oil  in  lamps,  and  which  has  occasioned  so  many  fxoH 
disasters,  by  the  explosion  of  vessels  containing  it  and  its  consequent  dis- 
persion over  the  persona  of  the  sufferers.  It  was  easy  (says  Beckman)  to 
conceive  the  idea  of  discharging  Greek  fire  by  means  of  forcing  pumpi, 
because  the  application  of  them  to  extinguish  nres  was  known  imig  bf/vre 
its  invention.  It  is  supposEd  to  have  originated  with  Callinicus,  a  Syrian 
engineer  of  Balbec,  in  the  7ih  century.  It  may  however  have  been  known 
to  the  old  Greeks  and  Romans,  for  they  made  use  of  similar  devices  for 
projecting  fire :  Montfaucon,  in  describing  Aeir  marine  combats,  observes 
"  another  mode  of  annoying  enemies'  ships  was  by  throwing  fire  therein, 
which  they  did  after  dijlerent  ways,  some  using  for  that  purpose  tipfuma, 
and  fire  buckets,  others  threw  in  pots  filled  with  fire."  From  an  expres- 
sion of  Dr.  G-.  A.  Agricola,  a  physician  of  Ratisbon  of  the  last  century,  in 
a  work  on  Gardening,  (see  page  127  in  Bradley's  translation)  it  would  ap- 
pear as  if  something  like  the  Gh«ek  fire  was  then  in  use.  Ennmerating 
several  pernicious  inventions,  he  notices  "  That  infernal  one  of  gunpowder. 
How  many  cities  and  fortresses  has  it  ruined  1  How  many  tnoneands  of 
men  has  it  destroyed  1  And  what  is  most  deplorable  is,  that  this  art  grows 
more  and  more  complete  every  day,  and  is  brought  to  that  perfection,  that 
in  Hoiland  and  some  other  parts  they  have  firb  pumps  filled  with  burning 
compositions,  wherewith  tney  eject  fiery  torrents  to  a  great  distance, 
which  may  occasion  dreadful  and  irrepanible  damageMo  mankind." 

Fires  and  wars  have  ever  been  de^ed  the  most  awfiil  of  earthly  cala- 
mities, and,  unfortunately  for  our  race,  they  have  too  often  been  united, 
ftir  warriors  have  generally  had  recourse  to  the  former  to  molbply  the  mi- 
series of  the  latter ;  and  in  almost  every  age  cities  have,  like  Jericbc  and 
Ai,  Hebron  and  Ziglag,  Troy  and  Thebes,  Carthagie  and  Athena,  Sagvn- 
tum  and  Bagdat,  been  burnt  with  fire ;  and  in  some  cases  "  all  the  souls 
therein  destroyed" — "cities  burned  without  inhabitants."  It  was,  we  be- 
lieve, from  the  horrible,  the  inconceivable  sufferings  endured  on  such  oc- 
casions, that  much  of  the  thrilling  imagery  of  the  Bible  was  derived.  To 
the  offending  Jews,  Grod  was  represented  as  "  a  consuming  fire,"  and  they 
were  urged  to  repentance  "  lest  his  ftiry  come  forth  like  fire,  and  bum, 
that  none  can  quench  it — lest  he  break  out  like  fire  in  the  house  of  Joseph 
Mad  there  be  none  to  quench  it  in  Bethel  |"  and  some  of  the  snblimeat  ef- 
fosions  of  the  prophets  have  reference  to  "  firebrands,  arrows  and  death" 
^to  "  blood  Slid  fire  and  pillars  of  smoke."  In  modem  tiroes,  too,  war- 
riors have  been  the  greatest  ineendiariea :  hamlets,  towns  and  cities  hav« 
been  wantonly  consumed,  and  tha  "  gallant"  actors  have  made  the  air 
shiver  with  their  shouts  of  acclamation  on  witnessing  the  spreading  con- 
flmatitHL  Well  did  the  ancients  represent  Mars  fierce  in  aspect,  bran- 
dialing  a  spear,  and  driving  in  his  chariot  o'er  man^d  corses,  amid  the  " 
clangor  of  arms  and  the  shrieks  of  the  dyins — Fear,  Terror  and  Discord 
in  his  trun,  while  before  went  Bellona,  with  her  hair  loose  and  clotted 
with  ^re,  and  a  firebmnd  in  har  band.  And  these  are  the  demons  that 
men  professing  Christianity  worship  with  all  the  fervor  of  deluded  hea- 
then ;  and,  what  will  in  future  times  appear  incredible,  they  demand  re- 
▼erenc«  for  tbe  act,  and  they^-^«ceive  it  1     Strange,  that  notwithstanding 
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die  bouted  anperiori^  of  tke  age  awl  the  bttpigii  ^rit  and  precepts  of 

religion — the  pri^eitum  of  wa^-4lie  moat  prolific  Mxirce  of  hamaii  mi 

and  crime,  is  still  deemed  honorable ;  ana  men  under  whose  tjranni 


religion — ihe^/^gftsnoJt  of  wa^-4he  most  prolific  source  of  homan  misery 
and  crime,  is  still  deemed  honorable ;  ana  men  under  whose  tjrannv  n 
tioDs  and  province*  groan,  and  by  whom  hnnutn  life  is  extinguished  a 


only  without  remorse  but  with  indifierence,  are  permitted  to  take  prece- 
dence in  mom/  society.  Crates  was  certainly  correct  when  he  intimated 
that  wars  would  never  cease  till  men  became  coDvinced  of  the  folly  and 
wickedness  of  allowing  themselves  to  be  driven  as  soldiers  like  sheep  to 
the  slaughter,  or  like  wolves  to  devour  each  other'-but  as  he  expressed 
it,  not  till  men  become  sensible  thu  generals  are  only  ati  driven. 

As  6reel[  fire  preceded  gunpowder  in  Europe,  so  pumps  or  the  '  spout* 
ng  engines'  for  projccODg  it  may  be  considered  the  forerunners  of  guns: 


ing  engines  for  projccOog  it  may  be  considered  the  forerunners  ot  guns: 
it  19  even  possible  that  the  first  idea  of  the  latter  (supposing  they  were  not 
introduced  from  the  east)  might  have  been  derived  from  accidental  explo> 
•ions  of  the  liquid  in  the  pump  cylinders,  when  the  pistons  would  of  course 
be  driven  out  of  them  like  balls  out  of  cannon.  But  be  this  as  it  may, 
enough  has  been  adduced  to  show  that  the  forcing  pomp  and  its  modifica- 
tions nave  exerted  no  small  degree  oi  influence  in  ancient  wars  and  con- 
sequently in  the  afiairs  of  die  okl  world. 

Although  the  police  and  other  arr&ngement*  lor  die  actual  suppression 
of  fires  in  ancient  Rome  are  not  well  ascertsined,  some  interesting  particu- 
lars are  known.  A  body  of  firtmt%,  named  matricularii,  was  established 
whose  duty  it  was  to  extinguish  the  flames.  Similar  companies  were  also 
organized  in  provincial  cities.  This  appears  from  Trajan's  reply  to  Pliny 
respecting  the  formation  of  one  in  Nicomedia,  and  from  which  we  learn 
that  these  ancient  firemen  frequendy  created  disturbances  by  their  dissen- 
tions  and  tumults.  Pliny  (the  younger)  was  governor  of  Bithyma ;  afW 
giving  the  emperor  an  account  of  a  fire  in  Nicomedia,  a  town  in  his  pro- 
vince, he  continues,  "  Yon  will  conmder,  sir,  whether  it  may  not  be  ad- 
visable to  form  a  company  of  firemen,  consisting  only  of  one  hundred  and 
fifty  members.  I  will  take  care  none  but  thoee  of  tKat  btuineu  shall  bo 
admitted  into  it;  and  that  the  privileges  granted  them  shall  not  be  ex- 
tended to  any  other  purpose.  As  this  corporate  body  will  be  restricted 
to  so  small  a  number  of  members,  it  will  be  easy  lo  keep  them  under 
proper  regulations."  In  answer  the  emperor  sent  the  following  letter : 
"  Tbuan  to  Pliwt. — You  are  of  opinion  it  would  be  proper  to  establish 
«  company  of  firemen  in  Nioomedia,  agreeably  to  what  Las  been  prac- 
ticed in  several  other  cities.  But  it  is  to  be  remembered  that  societiei  ofdiis 
sort  have  gresdy  disturbed  the  peace  of  the  province  in  general,  and  of 
diose  cities  in  particular.  Whatever  name  we  give  them,  and  for  what- 
ever purpose  uiey  may  be  instituted,  they  will  not  fail  to  form  themselvee 
into  factious  assembhes,  however  short  their  meetings  may  be.  It  will 
dierefore  be  safer  to  provide  such  machines  as  are  of  service  in  extin- 
guishing fires,  enjoining  the  owners  of  houses  to  assist  in  preventing  the 
mischief  from  spreading,  and,  if  it  should  be  necessaiy,  to  call  in  the  aid 
of  the  populace."  Phny's  Letters,  B.  x.  Bp.  42  and  43.  Hebnoth'a 
Translation. 

The  direction  lo  procure  "  machines  as  are  of  service  in  extinguishing 
fires"  was  in  consequence  of  Nicomedia  being  destitute  of  them — an  un- 
fortunate circumstance  for  the  inhabitants,  but  one  that  is  hardly  now  re- 
gretted by  those  who  are  in  search  of  information  respecting  fire-enginea 
among  the  ancients  ;  since  it  led  Pliny  to  mention  them,  and  thereby  af- 
ford us  a  proof  of  their  employment  by  the  Romans.  "  While  I  wss  mak- 
ing a  progress  [he  writes  to  Trajan]  in  a  different  nart  of  the  province,  » 
moat  destructive  fire  broke  out  u  Nicomedia,  which  not  only  consumed 
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•everal  private  houjea,  but  alio  two  public  buildia^,  the  town  house  ind 
the  temple  of  Isis,  chough  they  stood  on  contrary  sides  of  the  street.  The 
occasion  of  its  spreadiug  thus  wide  was  partly  owing  to  the  violence  of 
the  wind,  and  partly  to  the  indolence  of  the  people,  who,  it  appears,  Hlood 
fixed  and  idle  spectators  of  this  terrible  calamity.  The  trulti  is,  the  city 
was  not  furnished  with  either  etiginet,  buckets,  or  any  single  insCrunient 
proper  to  estin^sh  fires ;  which  I  have  now  however  given  directioos 
to  bo  provided."  It  has  been  generally  imagined  [observes  Melmoth] 
that  the  ancients  had  not  the  art  of  raising  water  by  engines,  but  this  pa«- 
aage  seems  to  favor  the  contrary  opinion.  The  word  in  the  origmal 
[for  engvu]  is  t^iA«,  which  Hesychius  explains  itulmmejitutn  ad  jaculan- 
dtu  aywu  adeernu  incrndta — an  instnunent  to  throw  np  water  against 
fires.  But  there  is  a  passage  in  Seneca  which  seems  tn  put  tbe  matter 
beyond  conjecture,  though  none  of  the  critics  upon  this  place  have  taken 
notice  of  it.  Solemus  (says  he)  duabus  manibus  inter  se  junctus  aquam 
concipere  et  compressa  utrinque  paima  in  modum  aiphonis  exprimere.  Q. 
N.  ii,  16,  where  we  plainly  see  the  use  of  this  sipho  was  to  throw  up 
water.  In  the  French  translation  of  De  Sacy,  (Paris  1809,}  the  word  is 
rendered  pujnp*  : — "  D'ailleurs,  il  n'y  a  dans  la  ville,  ni  prnnjtct  ni  seaux 
publics,  enfin  nul  autre  des  instrumens  necessaires  pour  ^teindre  Ics  cm- 
brosemens."  And  Professor  Beckman  quotes  both  Hesychius  and  Isidoro 
to  prove  thai  "  a  fire-engine,  properly  so  called,  was  understood  in  the  4t]] 
and  in  the  7th  centuries  by  uie  term  tipko,"  and  we  may  add  that  Agri* 
oola  in  the  16th  century  deugnated  syringes  for  eslinguishiiig  fires  by  tbe 
same  term.     Heron's  engine  is  also  named  a  siphon.     See  note  p.  307. 

From  an  expression  in  the  letter  of  Pliny  just  quoted,  we  learn  that 
men  were  regularly  brought  up  to  the  art  of  cxdng^ishing  fires,  the  same 
as  to  any  other  profession ;  Of  the  company  that  be  proposed  t«  estab- 
lish, he  remarks,  "  I  will  take  care  that  none  but  those  of  tJiat  btumett 
shall  be  admitted  into  it"  The  buildings  in  ancient  Rome  «  ere  very 
high,  the  upper  stories  were  mostly  of  wood,  and  the  streets  and  lanes 
were  extremely  narrow,  hence  the  suppression  of  conflagradons  there 
must  have  been  an  arduous  business,  and  one  that  required  extraordinary 
intrepidity  and  skill ;  qualificadons  that  could  only  be  obtained  by  expe- 
rience. Besides  engines  for  throwing  water,  the  nremen  used  sponges  or 
mops  fixed  to  the  end  of  long  poles,  and  they  bad  grapples  and  other 
instruments  by  means  of  which  tney  could  go  from  one  wall  to  another, 
(Encyc.  Antiq.)  Of  the  great  elevation  of  the  houses  several  Roman 
writers  speak.  Seneca  attributed  the  difficulty  of  extJnguiAbing  fires  to 
this  cause.     Juvenal  n 


Raob  that  make  ons  giddj  to  look  down.  9aL  *i. 
When  the  ci^  was  rebuilt  after  the  great  conflagration,  (supposed  to 
have  been  induced  by  Nero,)  the  height  of  the  houses  was  fixea  at  about 
seventy  feet.  These  were  raised  to  a  certain  height  without  wood,  being 
arched  with  stone,  and  par^  walls  were  not  allowed.  That  fires  were 
constantly  occurring  in  old  Rome  is  well  known,  Juvenal  repeatedly 
mentions  the  fact :     Thus  in  his  third  satire: — 

Rome,  where  ene  bosn  ihc  mrUitag  saond 

OrbeiDU  anil  raAen  thnnderins  to  the  ground. 

Amid  alemu  hy  d&j  and  fesn  hj  night. 
And  again : 

But  Id  >.  the  tuaat  bring  jonder  rouxion  down  1 

The  dire  diaanler  eeboes  uiroa;h  ifae  tdwn  ; 

Men  look  as  if  for  soJeaiD  TiiTienil  clad, 

Now,  now  indeed  theM  rngklji  &nt  are  sod. 
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Their  frequenejr  induced  Avguatiu  to  iiuutuie  a  body  of  watelunen  to 
{nurd  againK  them,  and,  from  die  following  lines  of  Javena],  it  appears 
toat  wealtfaypuriuana  had  aerra&ta  to  watch  their  hoiuei  during  the  night: 

With  buoketi  raund  the  readf  wrvuiti  (tuid, 
Altrt  at  wtUwiglil  bj  ibeil  iortb'  cvmnmd.     Sot.  ut. 

A3  every  calamity  that  be&lls  mankind  i»  convened  by  some  men  to 
Uieir  own  advantage,  so  the  numerous  fires  in  Rome  led  to  the  deteitable 
practice  of  speculating  on  the  distresses  they  occasioned.  Thus  Cnusui^ 
the  consul,  who,  fivm  his  opulence  was  snmamed  the  Rich,  gleaned  his 
immense  wealth,  according  to  Plutarch  "  from  war  and  Jitmi  firt*  ;  he 
made  it  ■>  pu^  of  his  business  to  buy  houses  that  were  on  fire,  and  others 
that  joined  upon  them,  which  bo  commonly  gfot  at  a  low  price  on  account 
of  the  fear  and  distress  of  the  owners  about  the  event."  But  the  avarice 
of  Crassus,  as  is  the  case  with  thousands  of  other  men,  led  to  his  ruin. 
With  the  hope  of  enlarging  his  poisessiotiB,  he  selected  the  province  of 
Syria  for  his  government,  or  rather  for  his  extortion,  because  it  seemed  to 
promise  him  an  inexhaustible  source  of  wealth :  but  by  a  retributive  Provi- 
dence his  army  was  overthrown  by  the  Parthians,  whom  ho  attempted  to 
snbdue,  and  who  cut  off  his  head,  and  in  reference  to  bis  passion  for  gold 
fused  a  quantity  of  that  metal  and  poured  it  down  his  throat. 

Among  other  precautions  for  preventing  fires  from  spreading  that  wer9 
adopted  in  Some  on  rebuilding  the  city,  was  one  requiring  evei^  ciuzen 
to  keep  in  his  house  "  a  machine  for  exdnguishing  fire."  What  these  mar 
chines  were  is  not  quite  certain,  whether  buckets,  mops,  hooks,  syringes 
or  portable  pumps.  That  diey  were  ihe  last  is  supposed  to  be  proved 
by  a  passage  in  the  writings  of  Ulpian,  a  celebrated  lawyer  and  secretary 
to  the  Emperor  Alexander  Severus,  wherein  he  enumerates  the  things 
that  belonged  to  a  house  when  it  was  sold,  such  as  we  name  fixtures, 
a.nd  among  them  he  mentions  siphonbs  employed  m  txtingitithimg  Jira, 
Beckraan  thinks  the  leaden  pipes  which  conveyed  water  into  the  houses 
for  domestic  purposes  might  be  intended  ;  but  they  would  hardly  have 
been  designated  as  above,  merely  because  the  water  conveyed  throng 
ibem  was  occasionally  used  to  put  out  fires.  This  was  not  their  chief  use, 
but  an  incidental  one.  That  mey  were  pumps  or  real  fire-engines  was 
the  opinion  of  Alexander  ab  Alexandre,  a  learned  lawyer  of  the  ISth 
century ;  an  opinion  not  only  rendered  probable  by  the  terms  used  and 
the  necessity  of  such  implements  for  the  security  of  the  upper  stories, 
nrhich  neither  public  engines  nor  streams  from  the  aqueducts  could  reach, 
but  also  from  the  apparent  (act,  that  syringes  or  portable  pumps  have  al- 
ways been  kept  (to  a  greater  or  less  extent)  in  dwellings  from  Roman 
times.  And  a  sufficient  reason  why  they  should  generalW  be  sold  with 
the  booses,  might  be  found  in  their  dimensions  being  regubted  according 
to  those  of  the  buildings  for  which  they  were  designed. 

The  population  of  Rome  was  so  great  that  the  area  of  the  city  could 
not  famish  sites  sufficient  for  the  houses  \  and  hence  (as  Vitruvius  has  ob- 
served, B.  ii,  cap.  8)  the  heigbt  of  the  walls  was  increased  in  order  tO' 
multiply  the  number  of  stories — '  for  want  of  room  on  the  earth  the  build'^ 
ings  were  extended  towards  the  heavens.'  Portable  fire-engines  wers 
therefore  particularly  requisite,  in  order  promptly  to  extinguish  fires  00 
their  first  appearance,  whether  in  the  upper  or  tower  floors.  In  the  latter 
case,  when  tnis  was  not  done,  the  people  in  the  higher  stories  would  be 
cut  off  from  relief  and  the  means  of  escape.  Were  some  of  our  six  and 
seven  storv  buildings  in  the  narrow  streets,  densely  filled  with  human 
bmng*,  and  a  raging  fire  suddenly  to  burst  out  on  the  ground  floors,  die 
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probabititT  is  that  many  Uvei  would  be  lost,  notwidntanding  tbe  great 
nnmber  of  our  public  engines,  and  boM  and  ladder  companies.  Juvenal 
iotimacss  tbe  tTisCresied  ncuadon  of  those  dwelling  above  under  such 
OTcnmnances. 

Huk !  where  Uc>le|OD  hi  water  criea 

Cut*  out  hii  cfaaluC,  Tram  th«  peril  flies, 

Dama  Bmoko  ii  bunung  from  mjle«r  Uett.    Aat.  iii. 

Howerer  perfect  or  imperfect  hydraulic  and  hydro-pneumatic  eng;inea 
in  ancient  Alexandria  and  Rome  may  have  been,  it  is  certain  that  Oiese 
machines  and  the  Brt«  related  to  them  experienced  the  withering  influ- 
ence of  that  moral  and  mental  desolation  which  raged  throughout  hurope 
during  the  dark  ages.  Tbe  decline  of  learning  was  necessarily  accom- 
panied  with  a  corresponding'  decay  in  all  the  tiseftil  and  ornamental  ana : 
■ome  of  these  have  disappeared  altogether,  and  have  never  been  recover- 
ed, BO  that  the  attainments  of  the  ancients  in  them  have  perished.  But  the 
connection  between  bterature  and  the  arts  was  as  apparent  in  their  resto- 
ration as  in  their  declension — if  they  departed  together  they  also  retnmed 
in  company.  Tbe  revival  of  learning  not  only  led  to  the  introduction  of 
printing  and  tbe  invention  of  the  press,  but  it  ^mished,  in  the  multiplica- 
tion of  ancient  manuscripts,  then  extant,  immediate  employment  for  M>th; 
and  although  it  may  be  supposed  that  there  can  be  little  or  no  relation  be- 
tween Greek  or  Latin  manuscripts  and  modem  fire'engines,  yet  there 
really  is  an  intimate  one,  for  it  is  all  but  certain  that  the  ^t  idea  of  thes« 
machines  as  now  made,  was  derived  firom  Heron's  Spiritalia ;  just  as  tbe 
application  of  double  and  treble  forcing  pumps  in  modem  wacer-worlu), 
was  from  Vitnivius'  treatise  on  architecture.  The  printing  press,  there- 
fore, not  only  opened  the  literary  treasures  of  the  ancients  to  the  world 
at  large,  which  bad  previously  been  confined  to  a  few,  but  at  tbe  same 
time  It  made  us  acquainted  with  some  of  their  macbineiy  and  their  arts, 
diat  had  long  been  forgotten  or  lost  sight  of. 

Fire-engines  wore  nearly  or  altogether  forgotten  in  the  middle  ages  : 
portable  syringes  seem  to  have  been  the  only  contrivances,  except  buckets, 
for  throwing  water  on  fires,  and  from  their  inefficiency  and  otner  causes, 
their  employment  was  very  limited.  The  general  ignorance  which  then 
pervaded  Europe  not  only  prevented  the  establishment  of  manufactories 
of  better  instmments;  but  the  superstitions  of  the  times  actually  discouraged 
their  use.  There  is  not  a  more  singular  fact  (and  it  ia  an  incontroverbble 
one)  in  the  history  of  tbe  human  mmd,  than  that  the  religious  doctrine* 
and  opinions  of  a  large  portion  of  mankind  should  have  in  every  age 
produced  the  most  deplorable  results  with  regard  to  conflagrations.  The 
Farsees,  Qhebres,  fee.  of  Asia,  and  other  relLgiona  sects,  wliich  have  sub- 
sisted irom  tbe  remotest  ages,  never  willingly  throw  water  upon  iirea — 
they  conuder  it  crimincd  to  quench  it,  no  matter  how  disastrous  the  result 
may  be :  ihey  had  rather  perish  in  it  than  thus  extinguish  the  emblem  of  the 
Deity  they  worship.  "  They  would  sooner  be  persuaded  to  pour  on  oyl 
to  increase,  than  water  to  assuage  the  flame."*  Among  such  people  fire- 
engines  of  course  were  never  used.  Another  and  a  larger  part  of  tha 
human  race  though  they  entertain  no  such  reverence  for  fire,  are  so 
lar  influenced  by  Sie  pemicions  doctrine  of  Famlitm,  as  to  make  little  or 
no  efforts  to  suppress  it.  They  look  upon  fires  as  the  act  of  God  !  deter- 
mined by  him  !  and  therefore  conclude  it  useless  to  contend  with  him,  in 
attempting  to  extinguish  those  which  He  has  kindled  1  Hence  the  pro- 
verbial indifference  of  Mahommedans  in  the  midst  of  conflagrations.  What 

■  Ovinfton's  Voyages  la  Bunt  Jn  16S0,  page  33%. 
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Tareen  has  uul  of  Surat  in  pftrdonlu,  ia  applicable  to  every  citf  of  Aaut 
•ltd  of  the  Eait,  "  Muty  fine  bnildincs  here  been  destroyed  by  fin, 
which,  eccordia^  to  the  MahonHaedan  doctrine  of  predeninaUDn,  it  ii  ia 
vain  to  withsiat^."  Of  the  Gbineie,  by  far  the  shrewdeBt  of  ABiaticA,  Mr. 
Davis  remarks,  "  The  foolish  notioii  of  fatalism  which  prevails  among'  the 
people,  makes  them  singularly  careless  as  regards  fire ;  and  the  frequent 
occarrence  of  accidents,  naa  no  effect  upon  them,  although  the  fearful  con- 
flagration of  1S22,  went  faf  to  destroy  the  whole  city,"  (Canton.) 

The  miserable  delusions  which  ecclesiasties  established  in  Europe  during 
the  middle  ages  were  quite  as  preposterous,  and  equally  effective  in  par- 
aliibg  the  energies  of  die  people.  It  is  difficult  to  reflect  on  them  without 
feeling  emotions  of  wonder  as  well  as  pi»,  at  the  wretched  condition  of 
our  race  when  void  of  knowledge ;  and  of  gratitude,  that  in  our  times  the 
■hackles  of  ignorance  and  superstition  are  rapidly  rusting  away.  It  waa 
a  conunon  belief  that  fires  (and  various  other  calamities)  were  induced  by 
wicked  spirits,  and  that  the  best  mode  of  removing  the  evils  waa  by  driv- 
ing the  authors  of  them  away  1  These  intuiigiide  workers  of  mischief, 
according  to  the  demonologiots  of  the  times,  consisted  of  numerous  classes, 
and  the  labors  of  each  were  confined  to  certain  elements.  It  was  those 
who  roamed  in  the  air  that  were  the  greatest  incendiaries.  "Aeriail 
spirits,  or  divells,  are  such  as  keep  quarter  most  part  in  the  aire  [they] 
cause  many  tempests,  thunder  and  lightnings,  teara  oakeB,^fe  tUtplet, 
AoM*et,"  &c.  (See  Burton's  Anatomy  of  Melancholy.)  When  a  house, 
therefore,  was  on  fire,  the  priests,  instead  of  stimulating  by  their  exaii>- 
ple  the  bystanders  to  exert  themselves  in  obtaining  water,  See.  had  re- 
course to  the  images  and  pratended  relics  of  saints,  which  they  broug^ 
out  of  the  churches,  in  order  to  exert  their  influence  in  slopping  the  prc^ 
gress  of  the  flames,  and  expelling  the  invisible  authors  of  them.  The  pall, 
or  sacred  covering  of  the  attar,  was  also  &«quently  carried  in  procession, 
to  contribute  to  the  overthrow  of  the  fiends.  But  when  a  church  itself 
took  fire,  (such  was  the  ignorance  of  the  times,)  the  people  then  heartily 
blasphemed  the  saint  to  whom  it  was  dedicated,  for  not  preventing  1M 
mischief;  (Encyc.  Antiq.)  like  Sylla  abusing  the  image  of  Apollo  when 
he  was  deieated  in  battle. 

Other  curious  but  popular  substitutes  for  water  and  fire-engines,  wen 
church  BdU:  these  were  consecrated  with  imposing  ceremomes.  They  wars 
washed  inside  and  out  with  holy  water — 'perfumed  with  censers — anointed 
with  sacred  oil — named  and  signed  with  the  cross,  that  devils  (says  die 
ritual)  "  hearing  this  bell  may  tremble  and  flee  from  the  banner  of  the 
cross  dcMgned  ujion  it."  Besides  striking  demons  with  horror  and  drivii^; 
them  from  the  vicinity,  these  bells  had  the  wonderful  power  of  alia 
storms,  tempests,  thunder  and  lightning,  and  extinguishing  fires; 
some  of  them  had  the  rare  gifi  of  ringingon  important  occasions  of  tbeir 
own  accord.*  H.  Arago,  in  a  paper  on  Thunder  and  Lightning,  inquirea 
(among  other  alledged  means  of  dissipating  thunder  clouds)  into  this  old 
superstitian  of  "Ringing  of  Bells;"  a!nd  he  cites  specimens  of  prayers, 
Hiil  offered  up,  on  tneir  consecration,  according  to  the  Paris  Ritual,  "  O 
eternal  Ch>d  I  grant  that  the  sound  of  this  Bell  may  put  to  flight  the  fire 
strokes  of  the  enemy  of  man,  the  thunder  bolt,  the  r^id  fall  of  stones,  aa 
well  as  all  disasters  and  tempests."  In  the  "Golden  Legend"  of  Wynken 
de  Worde,  the  old  English  printer,  it  is  said  "  the  evil  spirytes  that  ben 
in  the  region  of  th'  ayre,  double  nucha  when  they  here  the  Belles  ringen: 

■SseapaniiwlaiaoMaiilaf  tbsMmniMUBs  of  coDssetatiiis  balls  sswilnsasdlw  the 
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and  this  is  the  cuue  why  the  Belles  ringen  whan  it  thondreth,  and  whan 
grete  tempeite  and  rages  of  wedier  happen,  to  the  end  dut  the  feinds  uid 
wycked  spirytea  should  ben  abashed  and  flee,  and  cease  of  the  movynge 
d'^  tempeste."  The  following  lines  to  the  aane  effect,  are  from  Bonuiy 
Googe,  an  <M  British  poet : 


Th*  eluie  doth  all  Ate  bellM  rorthwilh 

Al  once  initeeple  ring  : 
With  woodroiu  (ODnd  and  deaper  (am 

Tbui  ha  wu  woDL  before, 
Till  ID  the  lollie  heatena  dark*. 

The  thondei  bri)'  no  mora, 
For  in  Ibeie  ehiiiUied  belJM  ihey  thinks 

Doth  lis  aucli  powra  and  mtgal 
Al  abia  i*  Ifaa  lempMe  fSteM, 

And  ilorma  to  tanqiuiii  quight. 

The  Implication  of  bells  to  the  purposes  of  fire-engines  is  also  mentioned 
hy  Peter  Martyr,  in  his  "  Common  Places,"  a  work  dedicated  to  Queen 
Slicabeth.  Black  letter,  1583.  Speaking  of  ihiiigH  consecrated  by  pa- 
pists in  common  with  the  ancient  heathen,  he  says  of  hdlt — "  they  be 
washed,  they  be  annointed,  they  be  conjured,  they  are  named  and  handled 
with  far  greater  pomp  and  ambition,  than  men  are  when  they  are  bap- 
tised, and  more  is  attributed  to  them  than  to  the  prayers  of  ^idly  men. 
For  they  Bay,  that  by  the  ringing  of  them — the  wicked  spirits,  the  host  of 
adversaries,  the  laying  await  of  enemies,  tempeEtes,  hayle.  stormes,  whirl- 
windes,  violent  blastes  and  hurtful!  thunderclaps,  are  driven  away,  plasies 
and  FiftEi  are  extiugituheJ;  and  finally  whatever  else  soever  I"  Part  iv, 
cap.  9,  p.  125. 

There  is  no  small  ringing  ofbells  tn  thii  city  (New- York)  during  fii«s; 
but  their  unaided  effects  on  the  devouring  element,  ere  other  means  have 
arrived,  has,  we  believe,  been  but  small.  Few  have,  however,  been  cou- 
s«crated ;  but  as  from  one  to  two  hundred  Spanish  bells  have  recently 
been  sold  here,  (having  been  taken  from  the  convents  in  consefjuence  of 
the  civil  war  which  has  so  long  raged  in  that  country,)  lAit  virtue  of  sacred 
bells  may  soon  be  tested.  Certainly,  if  they  can  do  a  moiety  of  the  good 
things  mentioned  above,  they  were  worth  much  more  than  forty  cents  per 
lb.  tne  average  price  at  which  they  were  sold. 

We  have  had  recourse  in  a  few  instances  to  heraldry,  or  rather  to  the 
emblems  or  personal  devices  of  ancient  families,  for  information  respecting 
machines,  some  of  which  are  no  longer  in  use ;  as  the  eolipile,  and  the 
atmosphenc  sprinkling  pot :  see  pages  S61  and  396.  Ik:sides  these  the 
syringe  and  the  bellows  have  also  been  adopted  on  such  occasions;  and  it 
may  be  here  obaerved  that  the  device  of  Galeaz,  duke  of  Milan,  the  second 
of  the  name,  was  a  brand  burning  and  two  fire  buckets.'  This,  althotigh  no 
proof  that  machines  of  the  pump  kind  were  not  In  use  to  extinguish  firea 
in  Italy  during  the  ISth  century,  is  an  indication  that  none  were  employed 
at  the  time  when  the  device  was  adopted. 

The  oldest  sketch  of  a  complete  set  of  apparatus  for  exdnguishing  fire 
dtat  we  have  seen,  is  in  a  cut  representing  the  interior  of  a  laboratory  or 
■melting  fiimace,  in  the  De  Re  Metalliea  of  Agricola,  page  308.  I'ha 
implements  are,  a  syringe,  a  sledge  hammer,  two  fire  hooks  and  three 
lewiem  bucket*  ;  conveniently  arranged  against  a  wall.  See  the  annexed 
illustration.     These  figm«s  seem  to  have  escaped  the  notice  of  Beckman 

•  D«*iees  Herolqusa.    A  l^on.  167T,  pic*  60. 
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and  mbseqaeni  antkon,  nor  U  this  lurprieineHnce  iKey  form  a  very  smaU 
and  obscure  part  of  the  origina]  engraving.  We  nodced  the  latter  several 
Umea  before  observing  them.  The  syriogo  was  mado  of  brass  ;  it  is  de- 
signated tiphtatailti*  ori- 
dudeau,  etipu  mmm  ett  m 
MCfluJiM.  In  these  figures 
we  behold  all  that  wu 
preserved  through  the 
middle  ages  of  ancient 
firemen's  machinery :  the 
engine  of  Heron  seems  to 
have  been  quite  forgotten. 
Indeed  the  syringe  itself 
waa  not  generally  used  in 
Europe  till  late,  for  itwu 
not  till  the  cloM  of  ih« 
16di  century  that  "  hand 
■quirts,"  as  they  were 
named,  were  inOtxIuced 
into  London.  Previous  to 
that  time  watchmen,  buck- 
ets, hooks  and  ladders,  on- 
,-.  Appuu.  t».  Afriofa.  ly  ^^^  ;„  ^^      Cutting 

awy  with  axes  and  throwiag  water  from  buckets  are  mentioned  (obserrei 
Fosbroke)  by  Petromus  and  Q«rvase  of  Oanterbuiy.  The  owners  of 
houses  or  chimneys  that  took  fire  were  fined;  and  men  were  appointed  to 
watch  for  fires  and  give  the  alarm.     In  1472  a  night  bellman  waa  em- 

!>layed  in  £xeter  to  alarm  the  inhabitants  in  case  of  fire,  and  in  1658, 
Bauiem  buckets,  ladders  and  crooks,  were  ordered  to  be  provided  for 
the  same  city ;  no  application  of  the  pump  seems  to  have  been  then 

thought  of. 

Syringes  continued  to  be  used  in  London  till  the  latter  part  of  the  17th 
century,  when  they  were  superseded  by  more  perfect  machines.  An  ac- 
count of  diem  und  the  mode  of  working  them  would  moke  a  modem  fire- 
man smile.  They  were  usually  made  of  brass  and  held  from  two  to  four 
quarts.  The  smaller  ones  were  about  two  feet  and  a  half  loiu;,  and  as 
inch  and  a  half  in  diameter ;  the  bore  of  the  nozsles  being  halt  an  indi. 

T&ree  men  were  required  to  work  each,  which  they  achieved  in  this  man- 
ner ;  two,  one  on  each  aide,  grasped  the  cylinder  with  one  hand  and  the 
nozzle  with  the  other ;  while  the  third  one  worked  the  piston  1  Thoae 
who  held  die  instrument  plunged  the  nozzle  into  a  vessel  of  water,  the 
operator  then  drew  back  the  piston  and  thus  charged  the  cylinder,  and 
when  it  was  raised  by  the  bearers  and  in  the  required  position,  he  pushed 
in  the  piston  and  forced,  or  rather  endeavoured  to  force,  the  contents  on 
the  fire.  We  are  told  that  some  of  these  syringes  are  preserved  in  one 
or  two  of  the  pariah  churches.  It  can  excite  no  surprise  that  London 
should  have  been  almost  wholly  destroyed  in  the  groat  fire  of  1666,  when 
■uch  were  the  machines  upon  which  the  inhabitants  chiefly  depended  for 
protecting  their  property  and  dwellings.  If  the  dimiilutive  size  of  these 
instrumenta  be  considered,  the  number  of  hands  required  to  work  each, 
beside  others  to  carry  water  and  vessels  for  them,  the  difficult  and  oilen 
impossibility  of  approaching  sufficiently  near  so  as  to  readi  the  flamM 
with  the  jot,  the  loss  of  part  of  the  stream  at  the  beginning  and  end  of 
each  stroke  of  the  piston,  and  the  trifling  effect  produced — Uie  whole  act 
of  using  them,  appears  rather  as  a  farce,  or  the  gamboia  of  oToi^rown 
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boya  at  plajTi  Aan  the  well  directed  enei^ea  of  mea  to  lubdne  the  t«g?jag 
element. 

In  An&  ajringcs  hare  probably  been  always  in  limited  uae.  They  are 
the  only  instnimenta  of  ue  pump  kind  now  known  there,  if  China  be  ex- 
cepted. Very  efiectire  engines  on  the  European  plan  ara  tnade  by  the 
Chinese.     (Chincte  Repos.  vol.  iv.) 

The  fire-engine  of  the  Turks  is  an  improvement  on  the  syringe,  but 
not  much  more  effective.  The  author  «f  "  Sketches  of  Turkey  observes, 
vhen  ipeaking  of  fires  in  Constantinople,  "  Indeed,  when  we  afterwards 
saw  the  macbinea  used  by  the  Turks  to  extinguish  fires,  we  were  not  sur- 
prised at  ibe  feeble  renatance  which  they  could  appose  to  the  progress  of 
the  devouring  element.  The  engines,  m  fact,  are  not  larger  than  thoso 
employed  with  us  to  water  gardens :  they  have  but  a  single  chamber, 
which  is  about  eight  inches  long  by  three  or  four  in  diameler ;  ihey  are 
readily  carried  about  by  hand."  Commodore  Porter,  in  his  interesting 
account  of  "  Constantinople  and  its  Knvirons,"  says  their  fire-engines  "  are 
like  those  we  use  in  our  gardens,  for  watering  the  beds  and  walks,  and  de- 
liver about  as  much  water  as  a  good  large  fringe.  When  an  alarm  of  fire 
is  given;  a  man  seizes  on  one  of  these  and  runs  to  the  spot  indicated,  widi 
the  engine  on  his  shoulder,  another  brings  a  skin  of  water,  pours  it  into 
the  reservoir  and  they  pump  away,"  A  characteristic  anecdote  is  thus 
faeetiously  related  by  Commodore  Porter.  "  They  hod  heard  of  the  fire- 
engines  and  fire  companies  of  the  United  States — how  half  a  shingle  could 
be  burnt,  and  the  engines  save  the  other  half  from  the  flames.  They  could 
not  understand  it.  Mr.  Eckford  fortunately  arrived  with  his  beautifn] 
ship,  haviiur  one  of  our  engines  on  board,  requiring  some  twenty  men  to 
work  it.  The  Capudan  Pacha  heard  of  It — '  Mash  Allah !  let  us  see  it,' 
exclaimed  the  old  man.  The  engine  was  brought  on  shore  and  placed  in 
the  Navy  Yard  ;  a  short  suction  was  fixed  to  it  and  put  into  the  Bospho- 
rus;  men  were  set  to  work  it — the  Navy  Yard  was  soon  inundated,  and 
the  Bosphorus  began  to  run  dry  !  '  Mash  AUob  !'  said  he,  '  very  good 
— but  it  will  require  a  sea  to  supply  it  with  water.  It  won't  do  for  us, 
fer  there  is  no  sea  in  the  middle  ol  the  city.'  They  therefore  have  thought 
best  to  stick  to  their  squirts,  and  to  let  the  fire  spread  until  the  wind 
changes,  or  it  is  tired  of  burning." 

Ss^ys,  in  the  beginning  of  the  17th  century,  visited  Constantinople, 
andepMka  of  the  frequency  of  fires  in  that  city  ;  he  observes,  "  It  is  not  to 
be  marvelled  at,  for  the  dtizens  dare  not  quench  the  fire  thai  bumeth  their 
own  houses,  because  officers  are  appointed  for  that  purpose."  He  is  si- 
lent respecting  the  instruments  then  used. 

When  the  usefiil  arts  began  to  excite  attention,  the  defects  of  portable 
■yringes  were  too  apparent  to  be  neglected,  hence  in  the  early  part  of  the 
16th  century  several  attempts  were  made  to  remedy  them,  by  those  no- 
ble spirits  who  burst  through  the  prejudice  that  had  ao  long  consigned 
the  subjects  of  practical  mechanica  to  the  mere  makers  of  machineB,  as  one 
tinwortby  of  a  philosopher's  pursuit;  and  from  the  cultivation  of  which 
no  distinction,  save  sucn  as  was  allied  to  that  of  a  skilful  artisan,  could 
be  derived — a  species  of  fame  from  which  professors  of  philosophy  shrunk, 
like  Plato,  with  feelings  of  horror.  To  render  the  syringe  an  efficient  fire- 
engine,  would  seem  to  be  impoasible,  except  by  converting  it  into  a  forc- 
ing pump,  and  in  that  case  it  would  be  no  longer  a  syringe.  As  long, 
therefore,  as  sncb  an  idea  did  not  occur  to  engineers,  they  had  no  resource 
bnt  to  improve  tba  "  squirt"  a*  well  as  they  could  ;  and  however  hopc- 
leM  the  task  may  now  appear,  it  was  not  onlv  attempted,  but  to  a  certain 
extent  accompbshed,  and  with  considerable  ingenuity  too,  at  will  appear 
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jrom  the  fbllowing  liftire.  No.  143.  It  U  described  in  Beeson'i  "  Tbea- 
tre,"  and  must  diere&re  have  been  invented  previous  to  1S68,  the  date  of 
the  pennisnon  to  piint  his  work. 


No.  113.    S/ri>f>  Encliii  fnn  BuBB.  A.  D.  1H8. 

"  ProposUion   Dt   L'Aatkevr  : — Artifice    aulant   nngulier  {comme   ja 

"  pense)  qua   non  point  commun,  pourjeclcr  I'eau   contre  un  grand  feu, 

"  mennenient  Ion  que  pour  la  grandeur  de  U  flamme,  oul  ne  peut  entrer 

"  ny  approcher  de  la  maison  qui  brusle.     DedantlioK  de  la  metmtfigurt: 

"  Cfest  inBtrument,  qui  est  faict  en  forme  de  Cone,  se  sonstieni  snr  deux 

Rou^  :   ayant  na.  bouche  tuum^e  vers  le  septentrion  :  et   aupres  de  m 

<*  base  il  y  a  des  demi  cerclee,  qui  servent  &  I'hausaer,  au  baisser,  d'avajt- 

"  tage  vers  sa  dicta  bouche  aepientrionale  eat  un  £nionnoir,  pour  y  verwr 

t'eau  dedans :  et  en  m  base,  ou  bien  parde  meridionale,  eat  ut>e  vis,  dont 

eat  pouss^  dedans  et  recul^  uu  Beaton  anquel  sont  des  Estouppea,  ainti 

qu'aux  siringues.     Le  reate  appert." 

In  reading  tne  above,  it  shoula  be  rememberod  that  letten  of  referaiet 
to  designate  the  different  parts  of  machinea  were  not  then  in  general  nw, 
but  the  sides  and  angles  of  the  pages  were  marked  with  various  points  of 
the  compass ;  and  particular  parts  pointed  out  by  their  position  with  re- 
gard to  these,  and  by  the  intersection  of  Unes  drawn  between  diem.  In 
this  engine  aeveral  defects  of  the  "  hand  squirts"  are  avoided  ;  as  the  ne- 
cesai^  of  inverting  the  instrument  to  refill  it  by  plunging  the  nozsl«  inte 
the  vessel  of  water,  tbe  small  quantity  contained  in  the  former,  and  the 
consequently  incessant  reuetilion  of  tbe  operation  and  interruption  of  the 
jet,  and  the  difficulty  of  directing  it  on  the  flames  vritb  certainty  or  preci- 
uon.  Besson,  (if  he  was  the  inventor,)  therefore,  greatly  enlarged  the 
capB4^ty  of  the  cylinder,  making  it  sufficient  to  contain  a  Mrrei,  or  more ; 
and  as  a  matter  of  necessity,  placed  it  on  a  carriage.  To  eject  the  water 
Uniformly,  he  moved  the  piston  by  a  acrew ;  and  when  the  cylinder  was 
emptied,  it  was  refilled  through  (he  fiinnel  by  an  attendant,  as  tbe  piaton 
was  drawn  back  by  reveraing  the  motion  of  the  crank.  When  recharged, 
the  stop  cock  in  the  pipe  of  the  lunnel  was  closed  and  the  liquid  forced 
out  as  before.  As  flexible  pipes  of  leather,  the  "  ball  and  socket"  and 
"  goose-neck"  joints  had  not  been  introduced,  some  mode  of  changing 
tke  direction  oftktjet  of  this  enormous  ayringe  was  neeeuary.  To  effect 
this,  it  is  represented  as  auapended  on  pivots,  which  rest  in  two  upright 
posts :  to  these  are  secured  (see  figure)  two  semicircular  straps  of  iron,' 
whose  centres  coincide  with  the  aitis,  or  pivots,  on  which  liie  syringe 
turns.  A  number  ofholea  are  made  in  each,  and  are  so  arranged  as  to  be 
opposite  each  other.  A  boll  is  paaaed  through  two  of  these,  and  also 
through  a  similar  hole,  in  a  piece  of  metal,  thu  is  firmly  secured  to  the 
upper  part  of  the  open  end  of  the  cylinder ;  and  thus  holds  the  Utter  in 
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•ny  posirion  required.  The  iron  {n.me  to  which  the  box  or  female  part 
of  the  screw  is  attached,  is  made  fast  to  the  cylinder  ;  and  it  is  through  k 
projecting  piece  on  the  end  of  this  fracae  that  the  bolt  is  passed.  By 
these  means,  any  elevation  could  be  given  to  the  nozzle,  and  the  syringe 
Gouid  be  secured  by  passing-  the  bolt  through  the  piece  just  mentioned, 
and  through  the  corresponding  holes  in  the  straps.  When  ^lateral change 
in  the  jet  was  required,  the  whole  machine  was  moved  by  a  man  at  the 
and  of  die  pole,  as  in  the  figure.  To  the  frame,  jointed  feet  were  attach- 
ed, which  were  let  down  when  the  engine  was  at  work.  The  women 
represented  (one  only  is  given  in  our  figure)  reminds  us  of  a  remark  by 
Fosbroke ;  "  In  the  middle  o^es  during  fires  women  used  to  fetch  water 
in  br&zen  pails  to  aHist."  Considering  the  age  when  this  engine  wae 
devised  and  the  objects  intended  to  be  accomplished  by  it,  it  certainly 
has  the  merit  of  ingenuity  aa  well  aa  originality.     Beroald  says  -'  '-■  - 


"  Ceste  noble  invention  est  ei  souvent  requise,  pour  eateindre  les  giaod 
feux  detquels  on  ne  pent  approcher ;  que  cane  faute  ellc  merite  d'pstre 
plus  au  long,  et  plus  ouvertement  explique^,  afin  qu'elle  soil  mieux  en- 
tendue."  It  vn]\  be  obvious  to  every  practical  mcchauic  that  engines  of 
this  kind,  of  large  dimensions,  must  have  been  at  best  but  poor  aflairi.  To 
make  the  piston  work  sufBciendy  accurate  and  tight,  and  to  keep  it  so, 
must  have  Veen  a  work  of  no  small  difficulty. 

A  correspondent,  in  a  late  number  of  the  Lon.  Mechanics'  Magazine, 
Tol.  XXX,  haa  communicated  a  very  imperfect  figure  of  this  engine  to  that 
work,  extracted  from  an  English  book,  published  in  1590,  entitled  "A 
Treatise  named  Lucahsolacb,  divided  into  four  books,  which  in  part 
are  collected  out  of  diverse  authors,  diverse  languages,  and  in  part 
devised  by  Cvfbian  Lttcab,  Gentleman."  London :  1590.  It  is  very 
obvious  that  Lucar  copied  the  engine  in  question  from  Besson's  work, 
which  was  published  in  1579,  but  was  authorized  to  be  printed  in  1568 ; 
and  which  Besson's  death  then  prevented.  The  following  extract  from 
Lucar's  book  is  not  without  interest  "And  here  at  the  end  of  this  chapter 
I  will  sat  before  your  eyes  a  type  of  a  '  squirt'  which  hath  been  de- 
vised to  cast  much  water  upon  a  burning  house,  wishing  a  like  squirt  and 
plenty  of  water  to  be  alwaies  in  a  read inesse  where  fire  may  do  harmei  for 
this  kind  of  squirt  may  be  made  to  holde  an  hoggeshed  of  water,  or  if  yon 
will,  a  greater  quantity  thereof,  and  may  be  so  placed  on  his  frame,  that 
with  ease  and  a  sm^  strength,  it  sohl  be  mounted,  imbased  of  turned  to 
any  one  aide,  right  against  any  fired  marke,  and  made  to  squirt  out  the 
water  upon  the  lire  ^t  is  to  be  quenched." 

The  Germans  were  proverbially  in  advance  of  the  rest  of  Europe  in 
the  15th,  16th  and  17th  centuries,  in  almost  every  department  of  the  arts. 
"  The  excellency  of  these  people  [observes  Heylin  in  his  Cosmography] 
lieth  in  the  mechanic  part  of  learning,  as  being  eminent  for  many  mathe- 
matical experiments,  tlramge  water-iDorkt,  medicmal  extractions,  chemistry, 
the  art  of  printing,  and  inventions  of  Uke  noble  nature,  to  the  no  less  be- 
nefit than  odcniratiDn  of  the  world."  As  early  as  A.  D.  1518,  some  kind 
of  fire-engines  were  used  in  Augsburg,  being  mentioned  in  the  building 


accounts  of  that  city.     They  were  named  "  instruments  for  fires,"  and 
sefulai  "       ■•  ""    ■  ■     '  ■      -       . 


"  water  tyringet  useful  at  fires."  Their  particular  construction  is  unknown ; 
but  from  a  remark  in  the  accounta  respecting  wheels  and  polea,  they  are 
mpposed  to  have  been  placed  on  carriages  :  they  were  probably  large 
syringes  and  mounted  like  the  one  represented  in  the  last  figure. 

The  oldest  ;>Mnt/)  engines  of  modem  times  wore  certainty  made  in  Ger- 
many, and  about  die  close  of  the  16th  or  beginning  of  die  next  century. 
The  first  one  noticed  by  Beokman  is  that  of  Houtsch,  which  the  Jesuit 
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Schottus  law  tried  at  Nurembeiw  in  1666.  In  ^ving  an  account  of  it, 
Schottua  remarks  that  the  Invention  waa  not  then  new,  it  being  known  in 
other  cities,  and  be  himself  remembered  having  seen  a  small  one  in  hia 
native  city  (Konigshofen)  forty  years  before,  cotiKqnently  abont  1617. 
We  are  not  informed  by  either  the  professor  or  Jesuit  of  the  particttlar 
coiMtruction  of  this  small  engine,  but  there  ia  a  book  extant  that  waa  pub- 
lished in  16  IS,  which  coniaiiu  a  figure  and  description  of  a  German 
engine  of  that  time,  and  which  furnisnes  the  information  desired.  Tbia 
book  is  the  "Forcible  Movements"  of  Decaus,  a  work  which,  tike  the 
Theatre  dei  Tnstrumens  of  Besson,  escaped  the  notice  of  Beckman.* 


As.  144.    0«BU  Paap  Eigtog  frDm  D«H(.    A.D.I«i. 

This  machine  is  named  "  A  rare  and  necessary  Bngin,  by  which  you 
may  give  great  reliefe  to  houses  that  are  on  lire  :"  we  give  the  whole  of 
the  explanation  :  "This  engin  is  mueh practiced  in  Germaity,  and  it  hath 
been  seen  what  great  and  ready  help  it  may  bring;  for  although  the  fire 
be  40  foot  high,  the  aatd  engin  shall  there  cast  its  water  hy  help  of  four 
or  five  men  lifting  up  and  putting  down  a  long  handle,  in  form  of  a  lever, 
where  the  handle  of  the  pump  is  festned  :  £e  said  pump  is  easily  un- 
derstood :  there  are  two  suckers  [valves]  within  it,  one  l^low  to  open  when 
the  handle  is  lifted  up,  and  to  shut  when  it  is  put  down  ;  and  another  to 
open  to  let  out  the  water ;  and  at  the  end  of  the  said  engin  there  is  a  man 
which  holds  the  copper  pipe,  turning  it  to  and  again  to  the  place  where 
the  fire  shall  be."  In  other  words,  tlus  was  a  single  forcing  pump,  such 
as   figured   at  No.  118,  and   secured  in  a  tub.     For  the  convenience   of 


'  Of  Dcooi'  hiMoij  KBrcely  any  thipg  ia  bnoirn — staq  bU  ouDe  is  Isfl  in  donbt,  for 
lie  ii  ■ometimca  nuned  Iiaak,  si  olhen  SdImkm  de  Cuu.  An  acconnt  of  bis  book  may 
be  Mcn  in  9luart'iAnecdotM  of^  Steun- Engine,  toI.  i,  p.  in.  But  tbere  imtih  lo  b« 
sn  error  in  the  note  given  of  the  English  inoitalion  by  Lesk,  which  is  ■tsted  to  bavo 
been  made  in  nOT,  whereai  the  copy  in  our  poMemion  ia  dated  nearly  fifty  yean  ear- 
tier.  It  is  enlitled  "  New  sod  rare  inveolioiu  of  Water-woriu,  (hewing  the  eaaiert 
'  le  waler  higher  Iben  the  apriog  ;  by  which  iniemJOD  (he  |>ert>al 

u-.y,.!. f.___Jf  .„j  . — ■...: r ;-_,   ,^J  j. 


it  propowd,  many  haid  laboun  performad  and  varieties  of  motion*  and  soundi  pro* 
dncad.  A  work  both  usefnll,  proGlabte  and  delighifall  for  all  aorta  or  peojple :  first 
millen  in  French  by  Itaak  dt  Cam,  a  late  bmooa  Engenier.  and  now  traniTated  into 
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.n  French  by  Itaak  dt  Cam,  a  late  bmooa  Ennnier.  and  .._ 

Enf  Inh  by  John  Leak."    London :  printed  by  and  for  Joeeph  Hoxott,  1660. 
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tnuportatioit  the  wbole  was  placed  on  a  eled,  and  dragged  to  a  firs  by 
ropes.  The  bore  of  the  forcing  pipe  seenu  to  have  been  unall  compared 
with  that  of  the  pump  cylinder,  a  oircumitance  cotabioed  with  the  long 
lever  and  the  number  of  men  employed  in  working  the  Utter,  that  contn- 
buted  Co  increase  the  elevBiitm  of  the  jet.  This  machine  exhibita  a  de- 
oded  improvement  on  rhe  primitive  syringe,  and  conetiiutea  a  great  step 
towards  the  modem  engine.  In  the  short  angular  tube  to  which  the  jeit 
pipe  is  attached,  we  behold  the  germ  of  the  more  valuable  goote-neck. 

Notwithstanding  the  superiority  of  pump  engines  over  the  synnge,  many 
yeari  elapsed  before  they  were  generally  adopted.  "  The  English  [ob- 
serves a  British  writer]  appear  to  have  been  unacquainted  with  the  pro- 
greM  made  by  the  German  engineers ;  or  to  have  been  very  slow  in 
availing  themselves  of  their  disooveiies,  for  at  the  close  of  the  16th  cen- 
tury "itdnJ  «fin7ff "  were  first  introduced  in  London  for  extinguishing 
fires ;  and  it  was  not  till  the  beginning  of  the  next,  that  they  began  to 
place  them  in  portable  and  larger  reservoirs — when  placed  in  the  latter 
and  worked  by  a  lever,  the  engines  thoa  obtained  were  considered  a  great 
mechanical  achievement ;  for  when  in  1633,  three  of  them  were  taken  to 
extinguish  a  large  fire  on  London  bridge,  they  were  considered  "  such 
excellent  things,  that  nothing  that  was  ever  devised  could  do  so  much 
good,  yet  none  of  them  did  prosper,  for  they  were  all  broken."  The  ob- 
servation that  "  hand  squirts"  or  syringes  were  placed  in  reservoirs  and 
then  worked  by  a  lever  is  not  strictly  correct:  they  were  small  forcing 
pumps  that  were  employed.  A  syiinge  could  not  act  at  all  if  permanently 
fixed  in  a  vessel,  because  it  discharges  the  water  through  the  same  orifice 
by  which  it  receives  it  Some  improvements  were  made  on  fire-engines 
by  Grealorix  in  1656,  as  mentioned  by  Evelyn  :  what  they  were  is  not 
uiown.  The  probability  is,  that  they  related  to  the  carriage  or  sled.  If 
his  engines  were  the  same  that  were  advertised  in  1656,  this  was  the 
case,  for  they  were  recommended  as  "  more  traversable  in  less  room,  and 
more  portable  than  formerly  used."     Fosbroke'a  Encyc.  Antiq. 

But  the  fire-engine  as  thus  improved  had  still  many  imperfections  :  the 
water  was  projeoted  in  spurts  as  from  a  syringe  ;  and  the  jet  not  only 
ceased  with  the  stroke  of  the  piston,  but  a  portion  of  the  water  was  in 
consequence  lost  by&Iling  between  the  fire  and  engine  at  the  termination 
of  each  stroke.  An  obvious  mode  of  rendering  the  jet  constant  was  by 
connecting  two  pumps  to  one  discharging  pipe,  (as  in  the  figure  of  Heron's,) 
and  working  the  pistons  alternately  either  by  a  double  lever  or  two  single 
ones.  This  was  first  adopted  by  the  old  G-erman  engineers,  and  thus 
another  step  was  token  towards  perfecting  these  useiiil  instnimentB.  In- 
stead of  a  circular  tub,  a  square  box  or  cistern  was  adopted  and  mounted 
on  fonr  solid  wheels  in  place  of  a  sled ;  and  a  strainer,  or  false  bottom, 
perforated  with  numerous  small  holes,  was  placed  within  the  cistern  to 
prevent  gravel  or  (Urt,  thrown  in  with  the  water,  from  entering  the  pump. 
Such  appear  to  have  been  the  best  fire-enginea  in  England  when  the 
great  fire  in  London  occurred  in  1666,  They  are  referred  to  in  the  official 
account  of  the  &n,  dated  Whitehall,  September  8th,  of  the  same  year — 
"  this  lamentable  fire  in  a  ^ort  Ume  became  too  big  to  be  managed  by  a»y 
tngvut."  But  nothing  can  show  their  general  inefficiency  in  a  stronger 
light  than  the  measures  adopted  by  the  city  government  the  following  year 
to  guard  against  a  nmilar  calamity.  Instead  of  relying  upon  engines,  they 
seem  to  have  retained  their  confidence  in  the  old  syrmge. 

1.  By  an  act  of  the  Common  Council,  the  city  was  divided  into  four 
districts,  and  "  each  thereof  was  to  be  provided  with  eight  hundred  lea- 
thern bucket* — fif^  Ukdders,  of  different  uses,  from  twelve  to  for^-tw* 
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ftet  in  lengtb— <tw  &rac«n  hand  tqmrtt  ta  each  pariili— fi»ir-uid-tw«iit^ 
pick&x  alea^s— And  tony  shod  shovels. 

2.  Thu  each  of  the  twelve  corapanies  fHwide  themaelTes  with  a»  t»- 
gitu — thirty  buckets — three  ladderft-~six  [nckax  sledges— ^^d  two  kaitd 
tquirtt ;  to  be  ready  upon  all  occasions.  And  the  infenot  companies  suoh 
a  number  of  imaU  engine*  and  buckets,  as  should  he  allotted  tnem  by  lite 
Lord  Mayor  and  court  of  Aldermen. 

3.  That  the  Aldermen  passed  the  office  of  Shrieval^,  do  provide  their 
several  houses  with  foui^and-twenty  buckets,  and  one  hamd  *mirt  each ; 
and  those  who  have  not  servad  that  ofiice,  twelve  backets  and  one  ha»d 
ejitirt  each. 

4.  And  for  the  eSectnal  suppljring  the  enginei  and  ajitirtt  with  water, 
pumps  were  to  be  placed  in  ^1  wells  ;  and  tire  plugs  in  the  several  main 
pipes  belonging  to  the  New  River  and  Thames  Water-works,"  Haitland, 

The  oldest  account  of  English  fire-engines  that  we  have  seen  is  in  k 
flmall  old  quarto  in  our  possession,  the  title  page  of  which  is  wanting. 
From  two  poetical  addresses  to  the  author,  it  appean  that  the  initial  let- 
ters of  his  name  were  I.  6.,  and  that  the  work  was  entitled  "  A  Treatise 
on  Art  and  Nature."  Two  thirds  of  it  are  occupied  with  "  water-works," 
And  the  rest  with  "  fiei^ works,"  except  four  or  five  pages  "on  voyces,  cola, 
cryes  and  sonnds  ;"  i.  e.  on  makine  of  whistles.  Sec.  for  sportsmen  to  imi- 
tate the  voices  of  certain  birds  ana  other  game.  The  dc^  of  publication 
was  about  1634 :  this,  we  inier  from  page  51,  where,  speaking  of  "  Tba 
engin  near  the  north  end  of  London  bridge,  [he  observes}  which  engin  I 
circumspectly  vieued  as  I  accidentally  passed  by,  immediately  after  the 
late  fier  that  was  upon  the  bridge,  muio  1C33.  Shops  ana  dwelling 
houses  were  built  on  both  sides  of  the  bridge  at  that  time. 

After  describing  several  modes  of  raising  water  by  sucking,  forcing  and- 
chain  pumps,  he  continues : — "  Having  sufficiently  spoken  concemii^- 
tnils  and  en'gins  for  mounting  water  for  meer  conveyance,  thence  we  may 
derive  diven  squirts  and  petty  engins  to  be  drawn  upon  wheelea  in>m> 
place  to  place,  for  to  quench  fier  among  buildings ;  the  use  whereof  hath 
n  found  very  commodious  and  profitable  in  cities  and  great  townes." 
nence  engines  were  at  this  dme  not  ancommon  in  England.  No  leta- 
thao  seven  are  figured  by  the  author,  and  oil  ore  placed  in  cisterns  or  tuba 
mounted  on  wheels :  neither  air  vessels  nor  hose  pipes  are  described  or  - 
mentioned.  Fire  of  the  ebgines  consist  of  single  cylinders;  of  these  some- 
are  in  a  perpendicular  position,  others  ore  laid  horiEontally,  and  one  ia- 
inverted,  and  fed  by  a  branch  pipe  covered  fay  a  valve.  The  last  one  figured' 
has  two  hoticoatal  cylinders,  a  suggestion  of  the  author's,  aAd  the  pisivti' 
rods  are  shown  as  worked  alternately  by  pallets  or  arms  on  a  vertical 
shaft,  to  which  a  reciprocating  rotary  movement  was  imparted  by  pushing: 
a  horisontal  lever  to  and  fro.  One  of  these  old  fire-engines  is  a  species 
of  bellows  pump,  the  construction  of  which  we  will  endeavour  to  explain: 
Two  brass  vessels  were  connected  at  their  open  ends  to  a  bag  of  le«-- 
ther :  they  resemble,  both  in  shape  and  nze,  two  men's  hata,  the  lining*, 
of  which  being  palled  out  and  sewed  together  form  a  cylindrical  bag 
between  them.  A  circular  opening,  six  or  seven  inches  in  diameter,  waa 
made  through  a  horiiontal  piece  of  plank  fixed  in  the  cistern  of  the  engine, 
and  over  this  opening  one  of  the  vessels,  with  its  crown  upwards,  was. 
placed,  and  made  last  by  screws  through  the  rim  :  the  other  veseel  being 
suspended  from  it  by  the  bag  and  hanging  loosely  in  the  water.  Within 
the  lower  vessel  (in  the  centre  of  its  bottom)  a  valve  opening  upwards  ad- 
mitted the  water,  and  on  the  top  or  cmwn  of  ^e  upper  vessel,  another' 
vslve,  also  opening  upwards,  was  placed.  Over  the  laat  vmlva  tha-bftia  of ' 
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dM  jet  pipe  wa«  lecured.  To  work  tkia  tnachiiie,  the  riin  of  the  liiwer 
TCMel  vas  connected  «t  opponie  pointi,  by  two  iron  rotli  or  ■lingi  and  a 
croM  head,  to  llw  end  of  a  lever,  by  which  the  lower  rcuel  was  moved  up 
and  down — coropreuing  the  bag  when  raited,  and  atretching  it  to  il» 
BatunI  length  when  loweredj  like  the  tantera  bellowi  No.  lOA,  or  (he  bel- 
lows pump  No.  106.  To  make  the  vesael  nM  and  fall  perpendicut»rly, 
the  two  nxU  were  passed  through  holes  in  the  platik.  Water  was  kepi 
in  the  cistern  as  high  as  the  plank;  so  that  when  the  movable  vewel  was 
railed  the  contents  of  the  bag  would  be  forced  into  the  upper  vesael  and 
expelled  through  the  jet  pipe,  and  when  it  was  again  lowered,  the  water 
would  enter  through  its  valve  and  611  both  as  bekire.  These  engines,  he 
^nerves,  had  sometimes  two  levers  and  were  worked  by  two  men,  "  the 
lower  brasse  [vessel]  being  poysed  with  two  sweeps." 

The  goose-neck  was  used  in  England  at  this  lime.  It  is  not  represented 
in  the  figures,  which  are  very  indifferently  executed,  but  is  sufEcienlly 
well  defined  in  the  description  of  one  of  the  engines.  The  author  directs 
a  hollow  ball  to  be  placed  on  the  orifice  of  the  forcing  pip?,  "  having  a 
[jet]  pipe  at  the  top  of  it,  and  made  to  screw  another  pipe  [elbow]  upon 
It,  to  dtrrrt  (he  water  to  any  flaee." 

Small  or  Itand  engines  continued  to  be  employed  in  London  in  the  i8tb 
century.  This  appears  from  a  law  passed  in  the  6th  year  of  Queen  Anne's 
reign,  oy  which  it  was  enacted  that  "  each  paiish  shall  keep  a  large  en- 
:,  ana  an  kaitd  atgiite,  and  a  leather  pipe,  and  socket  of  the  e 


i«s  the  plug  or  fire  cock,  [of  the  water  mains,]  that  the  socket  may  be  put 

■into  the  pipe  to  convey  the  water  dear  to  the  engine,"  under  a  penalty  of 

a  pounds.     In  case  of  a  fire,  the  first  person  who  arrived  witJi  a  puish 


engine  to  extinguish  it  was  entitled  to  thirty  shillings — the  second  twenty, 
ina  the  third  ten,  provided  the  engines  were  in  good  order,  "  with  a  socket 
•or  boie,  or  leather  pipe."  The  following  year,  the  owners  or  keepen  «f 
""other  large  engines,"  (not  parish  enguies,)  were  entitled 'to  the  sane 
^reward  upon  arriving  with  them  and  assisting  in  extinguishing  a  fire. 

It  is  a  singular  proof  of  the  general  ignorance  of  hydraulic  machinery, 
-or  want  of  enterprise  in  London  pump  makers  of  the  IBth  and  17th  cen- 
■tnries,  that  they  so  long  continued  the  use  of  "  squirts"  and  engines  wilfa 
■■ingle  cylinders,  when  they  had  daily  before  their  eyes  in  the  Thames 
Watet^works  >examp1es  of  the  advantages  of  combining  two  or  more  to 
'«ne  pipe.  The  applicaoon  also  of  such  machines  as  fire-engines  was  ob- 
'viovsly  enough  shown  u>  them ;  for  when  Maurice  had  finished  his  labors 
in  166S,  the  mayor  and  aldermen  went  to  witness  an  experiment  with  hia 
pumps  at  London  bridge :  "  and  they  saw  him  throw  the  water  over  Saint 
Magnus's  steeple,  before  which  time  fsays  Stow]  no  such  thing  was  known 
'in  England  as' this  raising  of  water."  Immediately  subsequent  to  the  above 
date,  the  "  squirt"  manufacturers  might  surety  have  imitated  Maurice's 
machine,  but  they  did  not  for  nearly  a  hundred  years  afterwards;  diat  is, 
not  until  such  engines  had  been  introduced  a  second  time  from  Germany, 
and  designed  expressly 'to  put  out  fires. 

Before  the  improvements  of  Newsbam  and  bis  contemporaries  of  the 
18th  century,  some  important  additions  would  seem  to  have  been  made 
in  England, -sinee,  previous  to  1686  "  the  engine  for  extinguishing  fire" 
was  clvmed  as  an  English  iaveniioii.  This  is  stated  in  a  small  volume  pub- 
'Kshed  thatyearin  London  by  StAin  Harris,  and  apparently  edited  by  him. 
lit  -is-entitled  "  A  pleasant  and  compendious  history  of  the  first  inventera 
-4>nd  instituters  of  the  most  famous  arts,  misteries,  laws,  customs  ai>d 
manners  in  the  whole  world,  together  with  maov  other  raritiss  and  re- 
maikable  things  ruoly  made  known,  and  never  before  made  public  :  to 
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which  U  addod  several  carious  invendoas,  peculiarly  attribnted  to  En^ 
land  and  EngliBh  men."  We  sLall  offer  no  apology  for  closing  this  chap- 
tar  with  the  following  abstract,  although  the  concluding  part  only  refers  to 
our  subject.  "  Fine  Spaoish  needles  were  first  made  in  England  by  it 
Negro  in  Cheapside,  who  refused  to  communicate  his  art ;  but  in  the 
eighth  year  of  Queen  Elizabeth's  reign,  Elias  Corous,  a  German,  made 
it  known  to  the  English.  About  the  fifth  year  of  Queen  Elizabeth,  the  way 
of  making  pint  was  found  out  by  the  English,  which  before  were  brought 
in  by  strangers  to  the  value  of  60,000  pound  a  year.  Watches  were  the 
iDTention  of  a  German,  and  the  invention  brought  into  Enftand  Anno  1580. 
The  fkmous  inrenters  and  improvers  were  Cornelius  Van  Drebte  and 
Janus  Torrianellus.  The  firat  clocks  were  brought  into  England  mucfa 
about  the  same  time.  Chaines  for  watches  are  said  to  be  the  invention  of 
Mr.  Tomackee.  The  engine  for  clock  wheels  is  an  English  invention  of 
about  one  hundred  years  standing,  aa  likewise  that  for  the  speedy  cutting 
down  wheels  for  watches.  Other  late  inventions  there  are,  to  whom  aa 
their  inventers  the  English  lay  claime,  as  an  eneine  for  raising  glass,  an 
engine  for  spinning  glass,  an  engine  for  cutting  tobacco,  the  rouUng  preu, 
the  aK  of  damasking  linnen,  and  watering  of  silks,  the  way  of  separating 
gold  from  silver  ana  brass,  boulting  mills,  makine  caine  chairs,  the  curious 
art  of  colouring  and  marbling  books,  making  of  horn  ware,  and  the  aigint 
to  extingitM^e,  and  the  like." 
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Thb  iire-engine  mentioned  in  the  previous  chapter,  which  Schottus  wit- 
neaaed  in  operation  at  Nuremberg  in  1656,  appears  to  have  been  equal  to 
any  modem  one  in  the  effects  ascribed  to  it,  since  it  forced  a  colnmn  of 
water,  an  inch  in  diameter,  to  an  elevation  of  eighty  feeL  One  German 
anifaor  mtb  a  hmtdred  Jeet.  It  was  made  by  Jolm  Hautsch,  who,  like 
moat  of  the  old  inventors,  endeavored  to  keep  the  construction  of  his 
machine  a  aeeret.  He  refused  to  allow  Schottus  to  examine  ita  interior ; 
though  the  latter  it  is  said  readily  conceived  the  arrangement,  and  from 
hia  account  it  has  been  aapposed  uie  cylinders  were  placed  in  a  horisontol 
poation.  The  cistern  that  containad  the  pumps  was  eight  feet  long,  two 
in  breadth,  and  four  deep ;  it  stood  on  a  sled  ten  feet  in  length  and  lour  in 
width,  and  the  whole  was  drawn  by  two  horses.  The  levers  were  so  ar- 
ranged that  twenty-eight  men  could  be  employed  in  working  them.  The 
manufacture  of  these  engines  was  continued  by  George  Hautoch,  the  son, 
who  is  supposed  to  have  made  improvements  m  them,  as  some  wnten  aa- 
"  a  the  mvendon  of  "  '  ' ' 
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In  the  16th  century  no  plac«  could  bsve  fumiifaed  equal  facilitiea  widi 
Nuremberg  for  the  fabricuioD  of,  and  making  experimeuti  with,  hydrmnlic 
machines.  It  was  at  that  time  the  Bicmingbam  of  Europe.  "  Nuremberg 
'         "     "   )  celebrated  for  ages.      lis  mechanics  w"  "  ' 


for  fear  of  tumults,  they  were  not  allowed  to  assemble  in  public  "  except 
at  worship,  weddings  and  funerals."  No  otber  place,  observes  an  old 
writer,  had  "  so  great  a  number  of  curious  workmen  in  all  metals."  The 
Hautschs  seem  to  have  been  favorites  with  the  genius  of  invention  Hat 
presided  over  the  city  ;  an  aptitude  for  and  an  inclination  to  pursue  ma* 
chanicEil  researches  were  inheriied  by  the  family.  From  a  remarit  of  Dr. 
Agricola  of  Ratlsbon,  in  his  curious  work  on  Glardening,  wc  learn  that 
one  of  them  did  not  confine  himself  to  devices  for  throwing  streams  of 
water  into  the  air  ;  for  he  contrived  a  machine  by  means  of  which  he  in- 
tended to  raise  himself  into  the  upper  regions.  "  What  can  be  mor«  ridi- 
culous [exclaims  the  author  just  named]  than  the  art  of  flying,  ssiliue 
or  swimming  in  the  air  1  Yet  we  find  there  have  been  some  who  have 
practiced  it,  particularly  one  Hautfch  of  Nuremberg,  who  is  much  spoken 
of  for  his  jiying  engine.  In  the  mean  time  it  is  well  for  the  world  that 
these  attempts  have  not  succeeded;  for  how  should  we  seiie  malefactorsl 
They  would  fly  over  the  walls  of  towns  like  Apelles  Vocales,  who  they 
tell  us  saved  himself  by  flying  over  the  walls  of  Nuremberg  and  the  print 
of  whose  feet  is  there  shown  to  strangers  to  this  day."  The  art  of  Ry- 
ing  was  a  standard  subject  with  Nurembei^  mechanics  for  centuries, 
ftnd  several  curious  results  are  recorded,  but  perhaps  nothing  more  bo 
tliui  the  above  objection  to  it. 


No.  I4S.  Fli*-«B^n  bel«(is(  tg  Slrubowt,  A.  D.  Iin. 
For  nearly  a  hundred  years  after  the  date  of  Hautsch's  engine  those 
used  throughout  Europe,  with  the  exception  perhaps  of  a  few  cides  in 
G«rmany,  were  very  similar  to  those  described  by  Belidor,  as  employed 
in  France  in  bis  time.  They  consisted  simply  of  two  pumps  placed  m  a 
chest  or  cistern  that  was  moved  on  wheels  or  sleds,  and  sometimes  carried 
by  men  like  the  old  sedan  chair.  These  engines  differed  from  each  other 
only  in  ibeir  dimensions  and  the  modes  of  working  them.  Nos.  145  and 
146  will  convey  a  pretty  correct  idea  of  them  during  the  early  put 
of  die  18th  oeDtory.  The  former  belonged  to  Strasbourg,  the  Utter  to  Yprai^ 
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The  front  part  of  the  ciHtem  in  which  the  pumps  are  fixed,  is  separated 
by  a  perforaled  board  from  the  hinder  part,  into  which  the  water  wa« 
poured  from  buckets.  The  cylinders  were  four  inches  in  diameter,  and 
the  pistons  had  a  stroke  of  ten  inches.  Sach  pump  was  worked  by  a  sepa- 
rate lever,  A  A;  an  injudicious  plan,  since  a  very  few  hands  could  be 
employed  ou  each  ;  and  as  the  engine  had  no  air  vessel  it  was  necessary, 
in  order  to  keep  up  the  jet,  that  the  piston  should  be  raised  and  depressed 
allemutely — a  condition  not  easily  performed  by  individuals  UDused  ta  the 
operation,  and  acting  under  the  excitement  of  a  spreading  conflagration, 
Ihe  contrivance  for  changing  the  direction  of  the  jet  was  very  defective, 
and  considering  the  date  of  this  engine  it  is  surprising  that  such  a  one  was 
then  in  use.  A  short  leathern  pipe  would  have  been  much  better.  It 
will  be  perceived  ihat  the  jet  pipe  is  connected  to  the  perpendicular  or 
fixed  one  by  a  nngU  elbow,  instead  of  a  double  one,  like  the  ordinary 
goose-neck.  The  joints  were  also  made  differently.  The  short  elbow 
piece  had  a  collar  or  ring  round  each  end,  and  the  jet  and  perpendicular 
pipes,  where  they  were  united  to  the  elbow,  the  same.  The  faces  of 
these  collars  were  made  smooth,  so  as  to  fit  close  U>  and  at  the  same  time 
turn  on  each  other  :  loose  fianches  on  the  pipes  were  bolted  to  others  on 
the  elbow,  and  thus  drew  the  collars  together  so  as  to  prevent  water 
from  leaking  through.  Now  it  will  be  seen  that  although  the  joint  which 
unites  the  elbow  to  the  perpendicular  pipe  would  allow  the  jet  pipe  to  be 
turned  in  a  lateral  or  horizontal  direction,  there  appears  no  provision  to 
raise  or  to  lower  it,  and  no  apptirent  use  at  all  for  the  other  joint  We 
were  at  first  h.i  a  loss  to  divine  how  the  stream  could  be  directed  up  and 
down  as  occasions  might  require,  for  Belidor  has  not  explained  it ;  but  on 
examiuing  more  closely  the  figure  in  his  work,  we  found  that  the  jet  pipe 
itself  was  not  straight,  but  bent  near  its  junction  with  the  elbow :  this  dis- 
solved the  mystery,  for  it  was  then  obvitnis  that  by  twisting  this  pipe 
round  in  its  joint,  its  smaller  orifioe  could  be  inclined  up  or  down  at  plea- 
sure. This  very  imperfect  device  is  also  shown  in  the  next  figure,  the 
jet  pipe  being  curved  through  its  whole  length,  instead  of  a  single  bend  as 
in  the  last  one. 


N*.  Its.    Fin-«iwl>e  u  Ypni,  A.  D  llSt; 

The  pumps  of  this  engine  are  subslanttaily  the  same  as  those  of  the  hui, 
but  the  piston  rods  are  moved  by  a  short  vibrating  beam  placed  directly 
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orer  the  cylinder*.  The  axle  of  the  beam  is  coDtinaed  through  both  mdes 
of  the  wooden  cats,  and  to  its  squared  ends  two  iron  rods  are  fitted,  like 
crank  handles  on  the  axles  of  grindstones.  To  the  lower  ends  of  these 
rods  are  attached,  by  bolts,  two  horizontal  bars  of  wood,  on  the  outside  of 
which  a  number  of  long  pins  are  inserted,  as  shown  in  the'  cut.  When 
the  engine  was  in  use  men  laid  hold  on  these  pins,  one  man  to  each,  and 
pushed  and  pulled  the  bars  to  and  fro,  somewhat  as  in  the  act  of  rowing, 
and  thus  imparted  the  requisite  movement  to  the  pistons;  a  mode  of  work- 
ing lire-engineB  that  nugtit,  we  think,  be  adopted  with  advantage  in  mo- 
dem ones  ;  for  the  vigorous  working  of  these  is  so  exhausting,  that  the 
strongest  man  can  hardly  endure  it  over  a  minute  at  a  time.  The  jet  pipe 
of  this  engine  is  connected  to  the  other  by  coupling  screws  or  "union 
joints,"  the  most  useful  and  ingenious  device  for  joming  tubes  that  ever  was 
invented;  and  one  which,  from  its  extensive  application  in  practical  hy- 
draulics, in  gas  and  steam  works,  and  also  in  philosophical  apparatus,  hsa 
become  indispensable.  We  notice  it  here  on  account  of  its  having  been 
erroneously  attributed  to  a  modem  engineer ;  whereas  it  was  not  iww 
when  introduced  into  Ypres  fire-engines  above  a  hundred  years  ago. 

Two  of  the  greatest  improvements  ever  made  in  these  machines  were 
introduced  about  the  same  time,  viz  :  the  air  chamber  and  flexible  pipes 
of  leather  and  canvas  ;  upon  these  principally  the  efficiency  of  modem 
engines  depends.  Sy  the  former  the  stream  ejected  from  a  single  pump  ia 
rendered  continuous  ;  and  by  the  latter,  it  is  no  longer  necessary  to  uke 
the  engine  itself  into,  or  cbse  to,  a  building  on  fire  ;  where  in  most  cases 
it  is  impossible,  from  the  heat  of  the  flames  and  from  smoke,  to  use  it  with 
elTect.  The  modem  author,  or  rather  introducer,  of  the  beautiful  device 
for  rendering  the  brtdcen  or  interrupted  jets  of  old  engines  uniform,  is  not 
known.  In  accordance  with  the  customs  of  the  age, lie  probably  kept  k 
secret  as  long  as  he  could.  We  suspect  that  Hautsch's  engine  was  fur- 
nished vrilh  an  air  chamber,  and  that  it  was  on  that  account  chiefly  that  ha 
was  so  anxious  to  prevent  its  construction  from  becoming  known.  Beck- 
man  stales  that  Hautsch  used  a.  flexible  pipe  to  enable  him  readily  to  change 
the  direction  of  the  jet,  "  but  not  an  air  chamber,  which  Schottus  certainly 
would  have  described."  How  Schottus  could  have  done  this,  when  ac- 
cording to  Prof  B.  himself,  Hautsch  refused  to  let  him  see  the  interior  of 
the  engine,  it  is  diflicult  to  imagine ;  and  unless  he  had  been  acquainted 
with  the  properties  of  an  air  vessel,  bad  the  engine  even  been  thrown  open 
to  his  inspection,  he  could  hardly  have  comprehended  its  action,  unless 
explained  to  him  by  the  manufacturer;  at  any  rate,  the  secret,  if  it  was  in 
Hautsch's  poaaeaston,  was  not  long  afler  divulged  ;  for  in  1675  an  anony- 
mous writer  in  the  Jountal  det  Scavmu  flgured  and  described  an  engine 
with  this  appendage.  The  account  was  the  same  year  translated  and  pub- 
lished in  volume  xi  of  the  Philosophical  Transactions,  p.  GT9.  As  this 
is  the  earliest  notice  of  the  application  of  on  air  vessel  to  pumps  in  modem 
times  that  we  have  met  with,  it  is  entitled  to  a  place  here. 

"  This  engine  [No.  147]  is  a  chest  of  copper,  pierced  with  many  holea 
above,  and  holds  within  it  the  body  of  a  pump  whose  sucker  is  rsised  and 
abased  by  two  levers.  These  levers  having  each  of  them  two  arms,  and  each 
arm  being  fitted  to  be  laid  hold  on  by  both  hands  of  a  man.  Each  lever 
is  pierced  in  the  middle  by  a  mortaise,  in  which  an  iron  nail  [bolt]  which 
passes  through  the  handle  [rod]  of  the  sucker,  turns  when  the  sucker  is 
raised  or  lowered.  Near  the  body  of  the  pump  there  is  a  coppa-  pol, 
I,  [air  vessel]  joined  to  it  by  the  tube  G,  and  having  another  tube  K  N  L, 
which  in  N  may  be  turned  every  way.  To  make  this  engine  play,  water 
u  poured  upon  the  chest  to  enter  in  at  the  holea  that  are  in  the  cover 


Chap.  8.]  WUh  Air  Vutd,  A.  D.  1670.  3S7 

thereof.  The  wuer  is  drawn  in  to  tke  bodv  of  tbe  puinp  at  the  hole  P, 
at  the  time  when  the  tucker  is  raised  ;  and  when  the  same  is  let  down, 
(he  valve  of  the  same  hole  shuts,  and  forces  the  water  to  pass  through  the 
hole  into  the  tube  G  of  which  the  valve  being  lifted  up,  the  water  cnten 
into  the  pot,  and  filling  the  bottom  it  enters  through  the  hole  into  the  tuba 
K  N  Ti  in  such  a  manner,  that  when  the  water  is  higher  than  the  [orifica 
of  the]  tube  K,  and  the  hole  of  the  tube  6  is  shut  by  tlie  valve ,  the  air  in- 
closed in  the  pot  hath  no  issue,  and  it  comes  to  pass,  that  when  you  con- 
tinue to  make  the  water  enter  into  the  pot  by  the  tube  Gr,  which  is  muck 
thicker  [lai^r]  than  the  aperture  of  the  end  L,  at  which  it  must  issue,  it 
must  needs  be,  that  the  surplus  of  the  water  that  enters  into  the  pot,  and 
exceeds  that  which  at  the  same  times  issues  through  the  small  end  of  iha 
jet,  eomprettei  the  air  to  find  place  in  the  pot ;  which  makes  that,  whilK 
the  sucker  is  raised  again  to  make  new  water  to  enter  into  the  body  of  tha 
pump,  the  air  which  has  been  compressed  in  the  pot  drives  the  surplus  of 
the  water  by  the  farce  of  its  spring,  meantime  that  a  new  compression  of 
the  sucker,  makes  new  water  to  enter  and  causes  also  a  new  compression 
of  the  air.  And  thus  the  course  of  the  water,  which  issues  by  the  jet,  ii 
always  entertained  in  the  same  state."  The  box  or  chest  hcid  two  pro- 
jecting pieces  on  each  side,  through  which  twe  staves  were  passed  fiH-  the 
convenience  of  carrying  it.  This  small  engine  appears  to  nave  been  in 
every  respect  an  effective  one;  the  whole  of  the  parts,  both  of  the  pump 
and  apparatus  for  working  it,  were  well  adapted  to  produce  the  best  ef- 
fect The  goose-neck  seems  to  have  been  formed  of  «  spedea  of  ball 
and  socket  joint. 


Nftin;    Vlm^8MiMi<(iinn«MlH>«kAlrT*ML  A-O.inS. 

One  might  suppose  that  when  this  account  of  the  construction  and  e& 
fects  of  air  chambers  was  published  to  the  world,  and  in  the  standard 
journals  of  France  and  England,  that  they  would  speedily  have  been 
adopted  in  Gre-engines  throughout  Europe.  Such,  however,  was  not  tha 
fact;  on  the  contrary,  they  appear  to  have  remained  comparatively  un- 
known for  nearly  fiity  years  longer ;  for  it  waa  not  till  the  expiration  of 
the  lirst  quarter  of  the  18th  century  that  they  began  to  be  much  used-,  and. 
some  years  more  elapsed  before  they  were  generally  employed.  We  can 
only  account  for  this  by  the  limited  circulation  of  the  scientiAo  joumala 
named,  and  their  being  confined  principally  to  learned  men ;  who  then  aa 
formerly  felt  indifierent  towards  mechanical  researches:  mechanics  in. 
Aose  daya  were  no  great  readers,  and  the  few  who  posiessed  a.  taste  fgr.~ 
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boolu  w«t«  commonly  widiout  the  means  ui  gntify  it  It  is  however, 
sin^Ur  that  this  account  of  the  air  veaael  ahould  nave  escaped  the  re* 
searches  of  Beckman,  and  etpeciaU;  »o  as  it  was  republished  in  1704  by 
Harris  in  his  Lexicon  Technicum,  and  in  1705  by  Lowthorp  in  the  abridg- 
ment of  the  Philosophical  TransacUons.  He  observes,  "I  can  find  mo 
alder  engine  with  an  air  chamber  than  that  described  by  Ferrault,  and  of 
which  he  has  given  a  figure.  He  says  it  was  preserved  in  the  king's 
library  at  Pans ;  that  it  was  employed  for  throwing  water  to  a  great 
height  during  fires ;  and  that  it  had  only  one  cylinder,  and  yet  threw  out 
a  continued  jel  of  water.  Ha  neither  mentions  the  period  of  the  invention 
nor  tJie  name  of  the  inventor,  and  I  can  only  add  that  his  book  was  printed 
in  1684."  Beckman,  in  a  note,  states  that  he  had  not  seen  the  first  edi- 
tion of  Perrault's  work,  and  therefore  knew  not  whether  the  French  en- 
gine was  described  in  iL  We  may  here  make  the  same  remark,  Nnce  the 
only  copy  in  oar  possession  is  of  the  edition  of  1684,  having  endeavored, 
but  wiinout  success,  to  procure  an  impression  of  the  previous  one. 

In  1672  hote  or  leachom  tubes  were  first  publicly  used,  in  modem  times, 
to  convey  vraXAt  Jrom  engines  to  iires  by  John  and  Nicholas  Van  der 
Heide,  in  Amsterdam,  of  which  city  they  were  inspectors  or  superintend- 
ents of  fire  apparatus.  They  made  the  tubes  in  fifty  feet  lengths,  with 
brass  screws  fitted  to  the  ends,  so  that  any  number  could  cjuickly  be  con- 
nected together,  as  occasions  might  require.  The  introduction  of  hose 
pipes  fornis  an  epoch  in  the  history  of  fire-engines,  for  they  wonderfully 
inccesaed  the  effect  and  extended  the  application  of  these  machines.  Pre- 
vious to  their  adoption  large  engines  could  not  be  used  to  extinguish  fires 
in  the  interior  of  dwellings — it  was  only  when  the  flames  burst  tkroogfa 
the  windows  or  roof,  that  they  came  into  play ;  and  even  then,  it  was  often 
with  diSiculty  and  danger  thai  they  could  be  brought  sufficiently  near  to 
discharge  the  water  wiih  effect,  while  in  most  cases  the  jet  was  so  much 
diffusea  by  the  resistance  of  the  air  or  wind  as  to  descend  rather  in  a 
shower  of  spray  than  in  a  compact  stream.  For  want  of  hose  the  engines 
themselves  were  also  frequendy  burnt ;  this  was  indeed  a  common  occur- 
rence, and  is  often  mendoned  in  the  notices  of  conflagrations.  In  the  great 
fire  of  London  the  rapid  spread  of  the  flames  drove  the  firemen  from  their 
engines,  and  many  were  consumed.  In  1731  a  great  part  of  the  town  of 
Blandford,  England,  was' destroyed,  and  in  an  account  published  by  one 
of  the  sufferers,  it  is  said  "  the  engines  were  play'd,  but  were  soon  burnt." 
This  loss  of  engines  was  invariably  caused  by  the  want  of  hose  ;  for  when 
plenty  of  the  latter  is  at  hand,  the  former  can  be  placed  and  worked  at 
any  convenient  distance  from  the  fire,  and  the  liquid  discharged  upon 
almost  any  part  of  it. 

Another  advantage  resulting  from  the  introduction  of  leathern  pipe* 
was  in  making  the  engines  supply  themselves.  Before  the  use  of  bose, 
water  was  poured  from  buckets  into  the  cistern  in  which  the  pnmpa  were 
placed  ;  hence  when  a  fire  broke  out,  one  of  the  first  objects  was  to  form 
a  lane  of  men,  extending  from  the  engine  to  the  nearest  rivulet,  pond, 
Trell,  or  other  source  of  water ;  thoae  on  one  side  passed  along  the  full 
bucketBtotheengine.whilethoseon  the  olber  returned  the  empty  ones.  To 
dispense  with  this  number  of  men,  the  Van  der  Heides  screwed  one  end 
of  a  hose  pipe  to  the  lower  part  of  the  cistern  and  extended  the  other  to 
the  edge  of  a  pond  or  well,  where  its  orifice  was  widened  into  a  bag  that 
was  kept  open  by  a  frame.  Into  this  bag  the  labourers  poured  the  con- 
tents of  their  backets,  and  sometimes  portable  pumps  were  used  to  raise 
water  into  it,  for  it  was  neccssaty  that  it  should  be  sufficiently  elevated 
above  the  cistern  of  the  engine  that  its  contents  might  readily  flow  into 


Clnp.  &]  Ptrier'i 

the  latter.  This  wu  the  first  step  towards  uiiug  MCtion  hose,  and  con> 
•equently  towards  making  an  engine  supply  itself.  Perhaps  it  m&v  be 
thought  uxange  that  they  did  not  adopt  tius  plan  at  fint  instead  oi  the 
device  Just  described,  but  in  point  in  ikct  they  could  not,  for  before  suc- 
tion pipes  could  be  used,  a  radical  change  was  reijuired  in  the  canstruc- 
tion  of  the  lower  parts  of  the  pumps,  ana  cue  that  could  not  without  much 
difficulty  and  expense  be  made  in  the  old  engines.  Heace  the  Van  der 
Heides  very  properly  preferred  making  new  machines  altogether;  to 
which  they  adaplad  suctioD  pipes.  These  great  improTeroents  were 
made  about  167d.  lo  1677,  one  or  both  of  the  Vaji  der  Heides  obtained 
an  exclusive  privilege  to  congtruct  such  engines  for  twenty-five  years.  Id 
1696  there  were  in  Amsterdam  upwards  of  sixty  of  their  engines,  and 
when  a  fire  broke  out,  the  nx  that  were  located  nearest  were  taken  to 
extinguish  it.  The  use  of  leather  and  canvas  hose  became  general  in  the 
next  century.  In  1720  the  latter  was  woven  without  seams  in  Leipsic 
and  other  places  in  Germany. 

Whether  the  engineH  of  the  Van  der  Heides  had  air  vatdt  is  not  ascer- 
tained i  Professor  Beckman  says  their  internal  construction  is  no  wheis 
represented.  There  is  strong  evidence  that  they  had  none  ;  for  so  tate 
as  the  first  quarter  of  the  1b£  century^  the  Datch  engines  were  not  gener- 
ally furnished  with  them,  and  this  would  certainly  not  have  been  the 
■    •  ■  ■     •■  ■  .flL<  - 


had  the^  ever  been  "  common  in  all  the  towns  of  (Le  Netherlands,"  as  Van 
der  Heide's  engines  were.  Mr,  Chambers,  in  his  Cyclopedia,  A.  T).  t72B, 
observes,  article  Hydrocanitlaim*,  "  The  Dutch  and  others  use  k  long 
flexible  tube  of  leather,  sail-cloth,  or  the  like,  which  they  carry  or  conduct 
in  the  hand,  from  one  room  to  another,  as  occasion  requires;  so  that  the 
engine  may  be  applied  where  the  fire  is  only  withinside,  and  does  not 
burst  out  to  expose  it  to  its  external  action.  To  imorove  on  this  original 
fire-engine,  they  havt  tinee  contrived  to  make  it  yield  a  continual  stream." 
At  the  time  Belidor  wrote,  air  vesseU  were  not  common  in  Holland,  and 
in  1744,  Desagullers  speaking  of  their  advantages,  remarks,  "  In  the  use 
of  engines  to  put  out  fires  which  have  no  air  vessels,  like  the  Dutch  mi> 
ginK*,  or  old  parish  engines,  a  great  deal  of  water  is  lost  at  the  beginning 
and  end  of  the  jet  or  spouting  of  the  water."  Fhilos.  ii,  164.  Beckman 
says,  it  is  certain  that  sir  vessels  were  not  common  in  Germany  till  after 
they  were  used  by  Leopold. 

Perier  in  Prance,  Leopold  in  Grermany,  and  Newaham  in  England, 
contemporaneous  engine  makers  in  the  early  part  of  the  ISth  century, 
were  greatly  celebrated  in  their  respective  countries.  They  were  some- 
times considered  inventors  of  the  fire  engine,  though  very  erroneonaly, 
for  so  far  as  the  principle  of  its  construction,  application  of  the  air  ves- 
sel, goose-neck,  flexible  pipes  of  leather  and  canvas,  the  connection  of 
diese  by  screws,  &c  were  concerned,  the  engine  was  periected  before 
their  time  ;  indeed  not  one  of  them  □ontributed  any  thing  essential  to  it. 
Their  merit  consisted  in  improving  these  machines  in  various'mmor  d*tail*{ 
in  the  arrangement  of  the  different  parts,  construction  of  the  carriages, 
mode  of  communicating  motion  to  the  piatons,  and  in  rendering  the  whole 
mora  durable  and  efficient  by  superior  workmanship  and  materials.  JEn 
these  respects  the  English  engineer,  we  believe  surpassed  his  competitors, 
but  then  he  was  the  last  of  the  three  thst  entered  the  field,  for  Perier  started 
before  Leopold,  and  both  were  some  years  in  advance  of  Newsham. 

No  account  of  Perier's  engities  u  to  be  found  in  modem  books ;  evni 
Belidor  ha>  taken  no  notioe  of  ihem.  To  supply  this  deficiency,  we  iii> 
tended  to  insert  a.  figure  of  one,  taken  from  the  Sd  ed.  of  Poliniere's  "Es- 
perieDces  de  Physique,"  Paris,  1718,  (the  only  work  with  which  we  we 
■cqa«inted  that  contains  a  rapresentation  of  them,}  bat  on  account  of  tha 
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nniuiul  number  at  illnstratioDi  reqoirsd  in  this  cliftpter,  it  is  onutted.  A 
ibort  d«icripdon  will  suffice.  After  describing  an  Btmospbenc  pump  be- 
longing to  the  araenal  of  Paris,  and  antither  attaehed  to  a  hotel  in  the  fau- 
bourg St  Autoine,  which  had  two  bdoqis  and  two  valvei  in  the  Huction 
pipe,  the  author  observes,  J'ay  vQ  &  Paris  des  pompes  dont  on  se  scrt  pour 
t&cher  d'  eteindre  le  feu  quand  il  arrive  des  incendies;  and  he  then  enters 
into  a  minute  description  of  ana  of  these  Parisian  engines.  In  its  gencnl 
appearance  it  resBmbled  the  Dntch  one  No.  148,  consisting  of  two  work- 
tag  cylindeni  with  an  air  vessel  between  them,  the  piston  rods  moved  by 
a  double  lever,  through  the  ends  of  which  staves  four  feet  in  length  were 
inserted.  The  pump  cylinders  were  sixteen  inches  long  and  four  in  dia- 
meter, but  instead  cf  being  placed  in  a  square  wooden  box  or  cistern, 
they  were  secured  in  an  open  copper  pan,  of  an  oval  shafie,  and  the  same 
depth  as  the  cylinders,  and  fastened  by  bolts  to  a  base  of  wood  or  piece 
of  plank,  to  the  four  comers  of  which  short  ropes  were  fastened.  At  one 
eaa  of  the  pan,  the  leadier  hose  which  conveyed  the  water  to  the  lire  was 
connected  by  a  screw  to  a  copper  pipe  that  communicated  with  the  lower 
part  of  the  air  chamber.  Tne  leather  tubes,  Poliniere  observes,  were 
lubricated  with  a  composition  of  tallow  and  wax  to  render  them  pliable ; 
and,  to  prevent  mice  and  other  vermii)  from  destroying  them,  st^ed  in 
an  infusion  of  colycinth  or  bitter  apple,  in  furnishing  the  pnmjn  with 
water,  Perier  adopted  the  first  device  of  the  Van  der  Heides,  and  hence 
we  infer  that  he  was  ignorant  of  the  better  mode  of  making  them  supply 
themselves  through  suction  pipes.  As  they  could  only  draw  water  out  of 
the  vessel  in  which  they  were  placed,  and  it  being  too  small  and  inconve- 
nieid  for  numbers  of  people  to  pour  the  contents  of  their  buckets  into  it 
when  the  engine  was  in  use,  a  canvas  or  sail  cloth  bag,  coated  with 
)r  tar,  was  connected  by  a  flexible  pipe  of  the  same  material,  to  the 
port  of  the  pan.  This  bag  was  of  a  conical  form,  the  wide  end  be- 
ing uppermost,  and  supported  with  the  mouth  open  on  a  folding  frame, 
•omethmg  like  a  high  camp  stool.  Into  this  bag  the  water  for  the  supply 
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of  the  pumps  was  poured.  It  might  of  course  be  placed  at  a;  ^ 
ent  distance  from  the  engine,  by  means  of  additional  lengths  of  pipes  that 
were  always  kept  ready  and  which  were  connected  together  by  screws. 
These  engines,  Poliniere  says,  forced  the  water  through  the  orifice  of  the 
Jet  pipe  to  a  surprising  distance.  He  observes  also  that  smaller  ones  wero 
in  use ;  which  consisted  of  a  single  cylinder  and  tur  chamber,  and  wero 
worked  by  a  single  lever. 

The  following  extract  relating  to  Perier's  engine  is  from  the  Diction- 
tudre  CEconomique,  3d.  edit.  Paris,  1732,  from  which  it  appears  that  at 
that  date  they  wore  small  affairs,  and  differed  but  little  from  our  garden 
engines ;  in  other  words,  they  were  then  nothing  more  than  pomjiet  fportO' 
tivt,  the  name  by  which  they  were  designated  at  the  first.  "  La  pompe 
que  le  Sieur  du  Perier  a  invent^  ou  perfectionn^  est  trds  commode  dans 
les  incendies.  Deux  hommes  la  peuvent  ais^ent  transporter  avec  tout 
•on  attirail,  et  la  placer  dans  tel  lieu  que  Ton  voudra.  II  u'est  pas  n^ces- 
•air«  qu'elle  soit  dans  I'endroit  oil  se  trouve  I'eau,  il  y  a  un  canal  de  coutil 
mi  en  dedans,  qui  sert  i  conduire  I'eau  jusqu'aTa  pompe.     Ce  canal 

Eat  £tre  augmente  en  y  adaptant  d'autres  canaux  fatts  de  la  mfime  facon, 
I  pompe  nant  placee  dans  le  lieu  le  plus  commode,  ou  peut  encore  por- 
ter I'eau  dans  le  plus  fort  do  I'incendie  par  le  moien  d'un  canal,  qui  est 
&it  de  cuir,  et  qu'on  augmente,  autant  qu'on  veut,  en  y  ajofltant  d'autres 
oanaux  par  le  moien  de  quelques  vis.  La  matierc  dont  est  compose,  ce 
canal  donne  la  faeiliti^  de  passer  d'un  appartement  dans  I'autre  pour  ap- 
pliquer  I'eau  dans  I'endroit  le  plot  n^ceMaire.     Les  circonvolutiona  dn 
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oanal  n'empCchent  point  I'eau  d'agir  avec  violence,  et  la  force  avec  !»- 
quelle  elle  agit  eet  d'autant  plus  grande,  que  lea  homtncs  qu!  font  aller  la 
pompe,  emploient  eux-mfimes  plus  de  force,  la  quantite  d'eau  depend  en- 
core da  nombre  de  pistons." 

In  1699  Pcrier  obtained  from  the  king  an  exclusive  privilege  to  CDS' 
atnict  iire-engines,  which  Professor  Beckman  thinks  were  the  Srat  public 
ones  employed  in  Paris.  In  171G  an  ordinance  of  the  king  directed  a 
larger  number  than  those  already  in  use,  to  be  distributed  in  different 
parts  of  the  city,  and  public  notice  to  be  given  where  they  could  be  ibund 
in  case  of  fire.*  In  1732  there  were  thirty  in  use,  besides  others  belong- 
ing CO  public  buildings.  As  these  machines  had  air  vessels,  it  is  strange 
that  Belidor  neither  mentions  the  fact  nor  refers  to  Paris,  engines  at  all. 
After  describing  a.  Dutch  one,  No.  146,  be  quotes  [as  if  he  knew  ofno  othen 
with  air  vessels)  Perrault's  description  of  the  one  that  was  in  the  king's 
library  Hfty  years  before,  and  an  account  of  another  that  Du  Fay  saw  U 
Strasbourg  in  1725. 

Leopold's  engines  do  not  appear  to  have  possessed  any  peculiar  featora 
to  which  he  conld  lay  claim  as  inventor.  They  seem  to  nave  been  iden- 
Ucal  or  nearly  so  with  the  one  described  in  the  Journal  des  Savans  forty 
years  before,  (No.  147.)  Each  consiBted  of  a  single  pump  with  an  air  ves- 
sel enclosed  in  a  copper  chest.  One  man  raised  a  jet  by  it  to  the  height 
of  from  twenty  to  thirty  feet.  Leopold  kept  the  construction  for  some 
time  a  secret,  and  with  this  view  the  pump  was  entirely  enclosed  in  the 
chest;  a  cover  being  soldered  on  the  latter.  Becktnan  says  he  made  and 
sold  a  great  number  of  them.  Id  1720  he  published  a  description  of  them 
in  a  pamphlet;  and  in  1724  he  inserted  an  account  of  them  in  his  Thealrtim 
HacAatamta  Hydravlkartim,  a  work  published  that  year  at  Leipsic  in 
three  volumes  folio. 

The  annexed  figure.  No.  14S,  exhibita  an  improvement  on  Leopold's 
engine,  having  two  cylinders  and 
workingby  a  double  lever.    Small 

red  to  those  of  large  dimensions, 
such  as  were  mode  by  Hautsch, 
or  those  of  modem  times.  Before 
the  introduction  of  hose  pipes, 
small  ones  were  certainly  more 
useful,  since  they  could  be  carried 
into  any  part  of  a  house  when  on 
fire,  but  when  flexible  pipes  of  lea- 
ther and  canvas  became  common, 
their  efficiency  was  not  to  be  com- 
NaIIS.  [tauh  Fln-BiwiiH.   A.D.n3fc  pared  with  that  of  the  large  sizes. 

English  fire-engines  were  much  the  same  dimensions  as  those  used 
on  the  continent  till  Newsham  and  contemporary  engineers  introduced 
others  that  approached  in  size  those  in  present  use  ;  but  for  several 
years  after  the  smaller  ones  retained  the  preference.  The  London  ma- 
nufacturers made  six  different  sizes,  the  larger  one  only  being  placed 
on  wheels.  Even  in  the  middle  of  the  18th  century  such  as  are  re- 
presented by  the  figure  on  the  next  page  were  common  in  that  city.  A 
similar  figure  was  published  by  Mr.  Clare  in  1735  in  his  work  on  the 
motion  of  fluids,  and  so  late  as  1766  it  was  described  (in  the  London  Ma- 
mxine  for  that  year)  as  the  engine  in  common  use.     As  an  indication  that 


■  Supplsmoat  to  DicL  (Economiqiw.    Anrisrdain,  1740.    Ten.  u,  163. 


ogle 


338  En^iA  Firt-Eitgiite  oftka  18tA  GeXbtry.  [Book  III. 

•ir  vesseli  were  net  used  in  Gngluid  before  the  18th  century,  it  mBy  be 
obierved  that  io  the  year  lut  named,  ihoBC  enginea  which  had  them  were 
named  "  consUnt  aiream'tl  engines, "  to  diatinguish  them  from  those  that 
had  none — such  being  called  aquining  enginea. 


Ns.l«L    Ea(U>aPln-Eii(iiHafllHinid<U<Drth<i)»ihEC«ir;. 

Id  17S9  Switser  published  his  System  of  Hydrostatics,  in  which  he  in- 
aerted  the  circulars  of  two  rival  engine  makers — Fowko  and  Newaham. 
As  these  documenta  contain  some  interesting'  particulars  respecting  the 
state  of  practical  hydraulics  at  the  time,  as  well  aaof  fire'engines,  we  insert 
aome  extracts  from  each,  previous  to  introducing  Newshara'a  engine. 

"  Mb.  Fowkb.  Nightingale  Lane,  Wapjmg  :  makes 

"1.  OnutoMftf/vam'tJ  engines  for  extinguishing  (ires,  the  large  sizes  play 
two  streams  at  once,  being  the  first  and  only  of  their  kind,  and  does  the 
oiHce  of  two  engines,  ana  so  contrived  as  to  be  drawn  through,  (and  if 
occasion  requires,)  worked  in  a  passage  three  feet  wide,  wiiich  no  other 
can,  and  will  feed  themselves  with  a  sucking  pipe.  Their  movements  are 
easy  and  natural,  having  a  perpendicular  stroke,  and  are  without  either 
rack,  wheel,  chun  or  crank,  whereby  the  friction  is  lessened  more  than 
any  othera,  and  consequently  requires  less  strength,  are  more  useful,  and 
leu  liable  to  disorder  and  decay,  and  much  cheaper  than  any  other ;  and 
therefore  are  by  judicious  persona  esteemed  preferable  to  all  others.  By 
Bcrewing  a  pipe  they  water  gardens,  dispersmg  the  particles  of  water  for 
about  fourteen  yards  square,  like  small  rain.  The  four  larger  sizes  run 
on  wheels,  and  the  other  two  carried  by  two  men  like  a  chair. 

"S.  Enoinrs  which  will  work  either  by  water,  wind,  horses  or  men,  and 
BO  contrived  that  either  may  work  at  a  time,  or  be  assistant  to  each  other, 
whereby  large  quantities  of  water  may  be  reised,  so  that  if  the  height,  dia- 
tance  and  quantity  required  be  known,  the  expense  and  strength  may  be 
calculated  so  as  to  serve  cities,  towns,  noblemen  and  gentlemen's  seata 
uid  fountains,  brewers,  disdllers,  dyers;  and  for  draining  of  lands,  ponds, 
and  mines  of  lead,  coal,  &x. 

"3.  PuMPB  which  may  be  worked  by  one  man,  for  raising  water  out  of 
any  well  lipwarda  of  one  hundred  and  twenty  feet  deep,  sufficient  for  the 
service  of  any  private  bouse  or  family  ;  and  so  contrived  that  by  turning 
a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessol 
in  any  room ;  and  by  screwing  on  a  leather  pipe,  the  water  may  be  eon- 
Teyed  either  up  stairs  or  in  at  a  window,  in  caae  of  any  fire. 

"  4.  AU  manner  of  lonciei  ia  fountains." 
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After  referring  to  a  tminber  of  mAchtnes  erected  by  him  in  London  and 
its  vicinity,  Mr.  Fowke  concladea  with  a  table  of  prices  of  fire-engines, 
the  smallest  being  .rCli  and  the  largest  <£60.  Newshani's  circular  is  ob- 
viously designed  to  counteract  the  effect  of  Fowke's. 

"  Richard  Newsham,  of  Cloth  Fair,  London,  engineer,  makes  the  most 
useful,  substantial,  and  convenient  engines  for  quenching  dres,  which  carrie» 
cmUiniud  itreanu  with  great  force.  He  hath  play'd  several  of  them  before 
his  m^esty,  and  the  nobility,  at  St.  James's,  with  so  general  an  approba- 
tion, that  the  largest  was  at  the  same  time  ordered  for  the  use  of  that 
royal  palace.  And  as  a  further  encouragement  (to  prevent  others  from 
making  the  same  sort,  or  any  imitation  thereof)  his  majesty  has  since  been 
graciously  pleas'd  to  grant  him  his  gecond  letters  patent,  for  the  better  se- 
curing his  property  in  this,  and  several  olher  inventions  for  raising  water 
from  any  depth,  to  any  height  retjutred. 

"The  largest  engine  will  go  through  a  passage  about  thte«  foot  wide,  in 
complete  working  order,  without  taking  off  or  putting  on  any  thing  :  and 
may  be  worked  with  ten  men  in  the  said  passage.  One  man  can  quickly 
and  with  ease,  mo^e  the  largest  size  about,  in  the  compass  it  stands  in : 
and  is  to  be  play'd  without  rocking,  upon  any  uneven  ground,  with  hands 
and  feet,  or  hands  only,  which  cannot  be  pamlel'd  by  any  other  sort  what- 
soever. There  is  conveniency  for  above  twenty  men  to  apply  their  fiill 
strength,  and  yet  reserve  both  ends  of  the  cistern  clear  from  incumbrance, 
that  others  at  the  same  time  may  be  pouring  in  water,  'which  drains  through 
large  copper  strainers.  The  staves  that  are  fixed  through  the  leavers, 
along  the  sides  of  the  engine,  for  the  men  to  work  by,  though  very  light, 
as  alternate  motions  wiih  quick  returns  require;  yet  will  not  spring  and 
lose  time  the  least ;  but  the  stares  of  such  engines  as  are  wrought  at  the 
ends  of  the  cistern,  will  spring  or  break,  if  they  be  of  «uch  a  length  as  is 
necessary  for  a  large  engine,  when  a  GonsiderablB  power  is  apply'd  :  and 
cannot  be  fix'd  fast,  because  they  iDust  at  all  times  be  t^en  out  before 
that  ensino  can  go  through  a  passage.  The  playing  two  stresms  at  onee, 
do  neither  issue  a  greater  quantity  of  water,  nor  is  it  new,  or  so  usefnl, 
there  having  been  of  the  like  sort  at  the  steel-yard,  and  other  places,  thirty 
or  forty  years ;  and  the  water  being  divided,  the  distance  and  force  are 
accordingly  lessen'd  thereby. 

"Those  who  pretend  to  make  the  forcers  work  in  the  barrels,  withaper- 

rendicular  stroke,  without  rack,  wheels,  chains,  crank,  puUy,  or  the  like, 
y  any  kind  of  contrived  leavers,  or  circular  motion  whatsoever,  with  less 
friction,  than  if  guided  and  work'd  by  wheel  and  chains,  (which  of  all 
methods  is  the  best,)  do  only  discover  their  ignorance  ;  thev  may  as  rea- 
sonably argue,  that  a  great  weight  can  be  dragg'd  upon  a  sledge,  with  aa 
little  strength,  as  if  drawn  upon  wheels. 

"  As  to  the  treddles,  on  which  t^e  men  work  with  their  feet,  there  is  no 
method  so  powerful,  with  the  like  velocity  or  quickness,  and  more  natural 
and  safe  for  the  men.  Great  attempts  have  been  made  to  exceed,  but  none 
yet  could  equal  this  sort;  the  fifth  size  of  which  hatb  play'd  above  the 
grasshopper  upon  the  Royal  Exchange  ;  which  is  upwards  of  (ifVy-five 
yards  high,  and  this  in  the  presence  of  many  thousand  spectators. 

"  Those  with  suction  feed  themselves  with  water  from  a  canal,  pond, 
well.  Sec.  or  out  of  their  own  cisterns,  by  the  turn  of  a  cock,  without  in- 
terrupting the  stream.  They  ate  far  less  liable  to  disorder,  much  more 
durable  in  all  their  parts,  than  any  extant,  and  play  offlarge  quantities  of 
WBter  to  a  great  distance,  either  from  the  engine,  or  a  leather  pipe,  or 
pipes  of  any  length  reqiiir'd  ;  (the  screws  all  fitting  each  other.)  This  the 
oumbenome  squirting  engines,  which  take  up  four  times  more  room,  c«ii- 


NetoiAam't  Engine. 


[BooklU. 


not  perform;  neither  do  they  throw  one  fourth  part  of  their  water  on  the 
fire,  U  the  tike  distancca,  but  lose  it  by  the  wayj  nor  can  they  use  leather 
pipe  with  them  to  much  advantage,  whatever  necessity  there  may  be  for 
It.  The  five  large  sizes  go  upon  wheels,  well  box'd  with  brass,  fitted  Co 
UroDg  iron  aiclcs,  and  the  other  is  to  be  carried  like  a  chair." 

No.  150  is  B  vertical  section  of  the  pump* 
in  Newsham'g  engine,  with  the  air  vessel 
between  them,  and  showing  also  the  sectors 
and  chains  by  which  motion  is  transmitted 
from  the  levers  to  the  piston  rods,  and  the 
latter  preserved  in  a  perpendicular  position. 
The  cnains  are  similar  to  watch  chains  in 
their  construction,  and  the  length  of  each 
is  equal  to  the  arc  of  one  of  the   sectors. 
Four  are  used,  two  to  each  sector.    Their 
mode  of  operation  is  in  this  manner  r  One 
end  of  a  chain  is  fastened  to  the  top  of  a 
piston  rod,  by  a,  holt  and  nut'  as  represent- 
ed, and  the  other  end  riveted  to  the  lower 
extremity  of  the  sector;  so  that  when  the 
latter   is   turned   down  by  depressing  the 
lever,  it  necessarily  draws,  by  this  chain, 
the  piston  down  with  it.    Another  chain  is 
fastened  in  the  same  manner  to  the  lower 
part  of  the  piston  rod,  (that  is  above  the  cy- 
Raiss.  B«ii<..orN..d».-.Eivi«.    Under,)  and  the  upper  extremity  of  the 
sector,and  hence  when  the  lever  is  elevated,  this  chain  raises  the  piston  with 
it.  He  probably  derived  the  idea  of  thus  working  them  from  Newcomen's 
mode  of  working  pumps  by  the   atmospheric  steam-engine.     The  round 
opening  below  the  valves  in  the  above  figure,  is  where  the   suction  pipe 
u  contiDued  to  the  hose,  sho\vn  at  one  end  of  the  cistern  in  the  next  figure. 
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No.  151  is  an  flxtemal  view  of  oae  of  Ncwtham's  oDginea  at  the  dme 
of  hifl  lieatl),  aa  drawn  b^  Mr.  Labelye,  the  engineer  of  Westminster 
bridge,  and  inserted  hy  Deaaguliers  ia  llie  second  volume  of  his  Philoso- 
phy, in  1744.  Its  general  appeormnce  is  far  inferior  to  modern  ones,  but 
the  esseniial  partd — the  pumps — were  equal  to  those  now  used.  The 
strong  iron  shaft  by  which  the  pistons  were  raised  and  depressed  was 
oontiuued  along  the  top  of  the  cistern,  and  to  it  the  levers  were  secured 
as  at  present ;  but  in  addition  to  the  levers,  sectors,  like  those  that  moved 
tho  pistons,  were  also  fastened  to  it — portions  of  two  of  these  are  shown  in 
the  cut,  and  there  were  two  others  near  the  upright  case ;  to  their  upper 
ports,  two  long  strips  of  plank,  or  IrtddUt,  were  suspended  by  snort 
chains,  and  on  these  planks,  six  men,  who  stood  upon  the  cistern  and 
held  by  the  hand  raits,  alternately  threw  iheir  weight ;  first  on  the  tred- 
dle  on  one  nde  of  the  carriage,  and  then  on  the  other,  and  thus  aided  the 
firemen  at  the  levers  in  working  the  engine.  The  box  or  trough,  with  a 
grate  within  it,  at  the  end  of  the  cistern,  was  for  the  purpose  of  emptving 
buckets  of  water  to  supply  the  pumps,  when  the  suction  pipe  (Bguivd  be- 
low it)  was  not  used.  The  small  flap  on  the  end  of  the  upright  case  co- 
vered printed  directions  how  to  use  and  keep  the  engine  in  order. 

If  the  section,  Ko.  150,  be  compared  with  Enrlish  engines  in  previous 
use,  one  of  which  is  figured  U  No.  149,  it  will  be  seen  at  a  glance  how 
great  were  the  improvements  that  Newsham  introduced.  Independently 
of  the  three  most  original  of  his  contributions — the  sectors  and  chains — 
tt«ddles — and  working  the  pumps  with  long  staves  at  the  sides  of  the 
carriage  instead  of  short  ones  at  the  ends — the  whole  machine  was  im- 
proved more  or  less  in  every  part  To  keep  the  cistern  and  levers  as  low 
OS  possible,  the  carnage  was  placed  on  bent  axles.  He  introduced  and 
improved  the  three-way  cock,  and  the  goose-neck  was  perfected  in  his 
hands ;  the  elbows  being  jointed  to  each  other  by  very  fine  screws.  De- 
aaguliers  thought  that  no  part  of  the  engine  could  be  altered  for  the  bet- 
ter. A  writer  in  the  London  Hagasine  fur  175S,  (page  395,)  says  that 
Newsham  in  these  machines  gave  "  a  nobler  present  to  his  country  than 
if  he  had  added  provinces  to  Great  Britain."  Their  merits  were  gene- 
rally acknowledged :  he  received  orders  for  them  from  various  ports  of 
Europe,  and  it  will  be  seen  in  a  subsequent  part  of  this  chapter  that  those 
first  used  in  this  ci^  were  made  by  him. 

The  celebrity  bis  engines  acquired  had  a  blighting  effect  on  other  ma- 
nufiuiturers — like  Aaron's  rod  swallowing  up  those  of  his  competitoTS. 
His  engines  were  purchased  for  the  use  of  the  parishes  throughout  the 
country  generally,  and  also  by  the  various  insurance  companies,  which, 
unlike  ours,  are  at  the  sole  expense  of  extinguishing  fires,  and  of  provid- 
ing the  aeana  to  effect  it  Uveiy  insurance  company  in  finglisn  cities 
keeps  in  its  pay  a  number  of  firemen  to  take  charge  of  and  work  its  own 
enguws.  Two  horses  ore  attached  to  each  engine  to  draw  it  to  and 
from  fires.  The  height  of  the  jet  from  Newshsm's  engines  was  about 
6Ity  fiiet.  He  mentions  in  his  circular  having  thrown  it  to  an  elevation 
oSjyiy-fifJt  j/ardt,  but  he  was  certainly  mistaken. 

Several  improvements  have  been  made  in  English  fire-engines  since 
Newshom's  time,  but  they  are  chiefly  confined  to  ue  camEige,  and  to  de- 
tails and  arrangements  of  the  various  parts.  Treddles  are  dispensed  with, 
and  the  carriages  are  made  longer,  so  that  a  greater  number  of  men  con 
be  employed  in  working  them.  They  resemble  American  engines  so 
closely,  that  a  sepsirate  figure  of  a  modem  English  engine  is  unnecessai^. 
The  reader  is  therefore  referred  to  No.  164.  Others  on  the  principle  of  the 
•emi-rotory  pump,  (No,  140,)  are  also  used  to  a  litnited  extent  in  Londwk 
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The  following  figure  of  k  modem  French  fire-engine  ii  from  the  Ma- 
MK^  du  Fondeur  ;  Paiia,  1829.  It  consiab)  of  two  cylindsn  and  ui  air 
vessel  arranged  in  the  uiual  way.  One  of  the  pumps,  and  half  of  tite  air 
chamber,  is  ihown  in  aecdon.  The  cistern  is  more  elevated  than  in  £ng- 
lish  or  American  engines,  and  from  the  conseqnent  height  of  the  levera 
'  irould  seem  more  mconvenient  to  bo  worked.  The  suction  pipe  is  of 
copper  with  folding  joints,  and  ttperfora.ted  hoilowballat  the  extremity  to 
prevent  dirt  or  gravel  from  entering  with  the  water.  A  short  leathern 
tnl>e  connects  this  pipe  with  the  suction  cock.  This  engine  is  worked  at 
the  ends  of  the  carriage,  and  the  piston  rods  are  connected  to  the  lever  by 
■lings,  and  made  to  rise  and  faJl  in  a  perpendicular  position  by  radius  ban 
jointed  to  the  upper  ends  of  the  latter,  and  to  permanent  pieces  that  pro- 
ject from  the  frame  that  supports  the  fulcrum. 


NftlSL    Mirfna  Fmek  FkrHDfliifc 

The  elflvulon  of  the  jet  depends  upon  the  pressure  to  which  the  air  in 
llie  air  chamber  is  subjected;  the  elasticity  or  spring  of  that  fluid  being 
inversely  as  the  space  it  is  made  to  occupy.  Before  an  engine  is  set  to 
work  the  interior  of  the  chamber,  like  that  of  all  empty  vessels,  (to  use  a 
▼ulgar  solecism,)  is  filled  with  common  air,  of  that  degree  of  density  in 
which  it  appears  near  the  earth's  surface  ;  but  when  the  pumps  are  set  to 
work,  the  water  forced  by  them  into  the  chamber  crowds  the  air  into  the 
dome  or  upper  part  of  that  vessel,  whence  there  is  no  passage  for  its  es- 
cape; and,  as  the  liquid  accumulates,  the  sir  is  condensed  more  and  more, 
nntil,  by  its  reacdon  on  the  sur&ce  of  the  water,  it  drives  the  latter  through 
the  jet  or  hose  pipe,  and  -with  a  force  exactly  proportioned  to  the  degree 
of  its  compressure.  Thus  if  the  volume  of  air  in  the  chamber  be  com- 
pressed into  half  its  bulk,  the  jet  would  rise  to  about  33  or  33  feet,  (if  not 
retarded  by  fricuon,  angles  or  other  imperfections  in  the  pipe;)  and  if  it 
were  made  to  occupy  one  third  of  its  former  space,  its  epnng  would  be 
three  dmes  greater  man  common  air,  and  would  force  the  jet  to  an  eleva- 
tion of  about  64  or  66  feet ;  and  so  on.     A  tabular  statement,  similar  to 
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the  following,  exHbitiiig  the  relatioti  between  the  heiglit  of  «  jet  and  t]M 
air's  compreHure,  has  long-  been  published.  It  is,  however,  of  little  nao 
to  practical  men.  We  doubt  if  a  column  of  water  of  the  «iee  of  tboae 
tlirown  by  ordmuy  euKines  could  be  raised  by  any  meaiiB,  two  hundred 
feet  above  the  orifice  ot  the  pipe  whence  it  Issned :  the  reeoBtatice  of  tha 
atmoapherb  would  disperse  it  before  it  could  reach  that  elevation. 

VihB*  tf^  twlMMd  ia  lb*  ilr  BaUo  uriba  ilr^  Haltht  to  which  ii  ta  itfd  lk« 


83  feet 


133 
166 

198 
231 


V^      -      -      -  10       -       -      -       297    " 

Oreat  aa  am  the  advantages  derived  from  ur  chambers,  some  attentiiMt 
to  them  is  required  in  order  to  secure  at  all  dmes  the  benefit  they  are 
designed  to  impart.  When  neglected  (and  we  believe  few  parts  of  an 
engine  exercioe  the  attention  of  firemen  less)  they  often  become  actually 


tnjuTious,  for  when  no  advantac;e  is  derived  from  the  elasticity  of  the  con- 
fined air,  the  water  is  impeded  in  its  progress  by  ^  '    ^ 
Upon  the  irial  of  engines  it  sometiDies  occurs  Uu 


fined  air,  the  water  is  impedec 
Upon  the  irial  of  engines  it  a 

higher  at  their  first  working  than  aAer  they  have  been  a  few  minntea. 
in  use,  and  this  notwitfastandine  all  the  efiorts  of  the  firemen  to  make  tbe- 
jet  reach  the  first  elevation.  This  result  has  sometimes  been  otbibuted  to 
fadgue  in  the  men — to  obstacles  in  the  pipes — to  grit  or  sand  under  the 
valves,  &c,  whereas  in  &ct  it  was  ofVen  due  to  the  air  vessel  alone  ;  *.  A 
to  the  escape  of  air  from  it.  This  escape  may  be  occasioned  by  mi-. 
nute  leaks  in  the  chamber,  but  when  no  such  imperfections  exibt  die  air 
frequently  makes  its  exit,  and  its  plac?  becomes  occupied  by  the  liquid. 
Whenever  air  is  subjected  to  great  pressures  in  contact  with  water,  it  a 
quickly  absorbed  by  Ae  latter,  and  in  this  way  it  is  that  it  often  disappeara . 
m>m  Uie  air  chambers  of  f]re.engines,  and  also  from  those  of  pressure-en- 
gines, Heron's  fountain,  water  rams,  &c.  When  a  long  euctJoR  hose  is4 
attached  to  an  enffine  and  the  latter  worked  at  a  moderate  velocity,  a. 
sufEcient  supply  of  tur  to  replace  that  taken  up  by  th«  water,  commonly 
enters,  unknown  to  the  firemen,  through  the  seams  and  joints ;  but  wh^- 
one  engine  is  fed  by  another  pourinc  water  into  its  cistern,  there  is  Httle. 
diaace  for  the  requisite  supply  of  air,  unless  a  minute  opening  were  lefl- 
in  the  cap  that  screws  over  Uie  orifice  of  the  suction  pipe,  at  one  end  of' 
tbe  engine. 

The  suction  cocks  of  some  engines  diwinieh  thnr  nsefnl  effect  in  con- 
aeqnence  of  the  holes  through  Ue  plugs  being  smaller  than  other  pas-  - 
sagea  for  the  water. 

The  great  denderatnm  in  modem  fire-engines  is  an  improved  mode  of 
working  them.  At  pagq  72  we  remarked  that  experimental  researchea 
have  shown  the  UMlid  efiisct  of  a  man  working  a  psmp,  in  the  ordinary 
wav  with  a  lever,  to  be  fif^  per  cent  leas  than  when  he  tnms  a  crank; 
ana  that  when  his  strength  ts  applied  as  in  the  act  of  rowing,  the  efisotis 
nearly  one  handred  and  fii^  per  cent  more  tban  in  moving  a  pump  lever. 
This  IS  sufficient  to  induce  enbtts  to  supersede  the  present  mode  of  wo^ 
lag  the  pump*  of  fire-snginet,  and  puticnlarly  s*,  as  the  labor^  so  a» 
13 
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vere  diat  few  oon  condnne  it  above  &  minute  or  two  at  a  time,  when  if 
reUya  of  men  are  not  ready,  buildings  on  ftro  are  left  to  fate.  The  jara 
or  concucnons  produced  by  the  violent  bontact  of  the  levera  with  the 
■idee  of  the  carriage  Bt  every  stroke,  ia  a  source  of  waste  of  firemen's 
energy,  and  want  of  unifonnity  in  their  movements  when  at  work,  ia 
another.  In  the  29tli  vol.  of  the  London  Mechanics'  Mogasine,  a  contri- 
vance ia  described  for  diminishing  the  shocks  conseqaeot  on  the  contact 
of  the  levers  with  the  carriage.  It  oonaiBts  of  three  spiral  springs  enclosed 
in  cylindrical  cases  aecnred  on  each  nde  of  the  carriage  ;  pada  rest  on  the 
springs  and  project  above  each  case,  and  upon  them  the  levers  strike  when 

tulled  down.  Blocks  of  caoutchonc  were  previously  tried,  but  the  vio- 
ince  of  the  blows  soon  rendered  that  material  useless.  The  velocity 
with  which  engines  are  sometimes  worked  alee  occasions  a  uaeless  expen- 
diture of  [heir  strength  ;  we  have  seen  some  drawing  water  through  long 
snorion  pipes,  and  the  pumps  worked  so  quickly  that  the  water  certainly 
had  not  time  to  pass  through  the  hose  and,^,the  cylinden,  ere  the  pis- 
tons began  to  descend. 

If  some  mode  of  making  Hie  carriage  immovable,  and  the  pnmpa  were 
worked  by  long  cranks  on  each  side,  ^e  firemen  conld  not  only  perform 
fifty  per  cent  more  labor,  but  they  could  do  it  with  less  exerQon,  and 
consequently  endure  it  longer.  A  rnodification  of  the  plan  adopted  in 
die  Ypres  engine,  page  326,  would  be  still  more  effective ;  in  additioa 
to  which  ropes  might  be  attached  to  the  bars,  and  any  number  o[  specta- 
tors could  then  assist. 

If  we  review  the  progress  of  fire-engines  in  modem  times,  from  the 
-simple  syringe  to  the  splendid  machines  of  llie  present  dav,  we  shall  find 
'that  every  important  improvement  in  die  apparatus  for  rauing  the  water, 
-was  a  nearer  approach  to  the  engine  described  by  Heron.  Frevioea  to  ' 
itke  16th  centu^,  syringes  or  aquirts  only  were  ra  nse,  and  not  till  the 
:flpifilalia  hod  been  translated  and  printed  do  we  meet  with  the  appUoa- 
:don  of  pumps.  At  first  a  ran^e  working  cylinder  was  employed,  atia  the 
'pisiea  moved  by  a  single  lever  as  in  No.  144 ;  then  two  cylinders,  each 
worked  by  a  separate  lever,  were  united  to  one  discharging  pipe — next 
'the  double  lever,  as  figured  by  Heron,  by  which  on  alternating  movement 
'  of  the  pistons,  and  a  more  efficient  applicadon  of  the  force  employed  woe 
secorea  ;  then  the  goose-neck,  also  mendoned  by  Heron — and  lastly,  die 
air  vessel  made  its  appearance.  If  the  beaudfiil  and  philosophicsl  devioe 
'last  mendoned,  be,  as  some  persons  have  supposed,  a  modem  iavention, 
why  is  it  that  no  one  has  ever  rose  up  to  claim  it  1  Is  not  this  a  tacit  ad- 
'  mission  that  it  was  derived  directly  from  the  Spiritalia,  or  from  Vitruvius's 
description  of  the  machine  of  Ctenbius  1  To  the  ancients,  then,  we  are 
.indebted  for  the  most  valuable  features  in  our  fire-engines,  and  it  is  not 
unreasonable  to  conclude  that  those  used  in  anoieot  Sgypt  and  old  Rome 
were  as  effecdve  as  oars.  If  diey  were  not,  it  is  very  strange  that  HeroD 
should  have  hit  upon  that  constraction  of  diem  and  diat  arrangement  of 
their  parts,  which  we  have  only  aoqnired  after  a  oentnry  spent  in  ex- 


Of  late  years  "  steam  fire-engines"  have  been  introduced  with  laeeess 
in  some  parts  of  Bnropa  !  a  small  homontol  steam-engine  with  its  bailer, 
being  arranged  on  the  carriage  of  the  fire-en^ne.  One  large  pump  cylin- 
der only  is  used,  and  its  piston  and  that  of  die  steam  cylinder  are  attached 
to  the  same  red.  Mr.  Braithwaite,  a  London  engineer,  was,  we  believe, 
the  first  who  made  one  of  these  machines.  The  steaai  cylinder  was  seven 
and  a  half  inches  diameter,  and  die  pump  six  and  a  half;  the  water  was 
forced  dtrough  an  ajutage  of  seven-eighths  of  an  inch,  to  on  elevatiea  of 
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mae^  feet.  Tlte  time  of  getting  dte  apparatoa  into  [d&y  from  the  moment 
of  igniting  the  fuel,  was  eighteen  minutes.  When  an  alarm  of  fire  wa* 
given,  the  fiiel  wai  kindled  and  bellows  attached  to  the  engine  were  work- 
ed by  hand.  When  the  horcee  were  hameued  to  drag  the  machine  to 
die  lire,  the  helktwa  were  worked  by  the  modon  of  the  wheels.  (See 
London  Mechanics'  Miga^e  for  1S30,  and  in  volume  sviii,  for  1832^ 
there  is  a  figure  and  description  of  one  made  bv  Mr.  B.  for  the  Prussian 
government,  being  designed  to  protect  the  public  buildings  of  Berlin.) 

One  or  two  of  these  machines  on  an  improved  plan  by  Mr.  Ericaeon, 
are  now  being  constructed  in  this  city. 

FiRB'BNaiNKB  IN  Amkuca. — The  nrst  use  of  fire-engines  is  an  impor- 


tant event  in  any  country,  and  may  be  considered  as  constituting  an  epoch 
in  the  history  of  its  useful  mechanism :  moreover,  wherever  they  are  made, 
they  indicate  a  certain  degree  of  refinement  in  civilization  and  an  ad- 
vanced state  of  the  mechanic  arts.  To  their  introduction  into  this  conti- 
nent, fiiture  historians  may,  and  probably  will,  have  recourse  for  data  res- 
pecting the  state  of  society  in  the  early  days  of  the  republic,  and  the  still 
earlier  times  during  whica  the  country  was  subject  to  Europe ;  for  the 
circumstances  which  precede,  and  evemuaUy  lead  to  the  adopUon  of  fire- 
engines,  invariably  reflect  light  on  the  manners  and  customs,  the  police  and 
other  municipal  regulations  of  the  times,  as  well  as  on  many  of  the  arts, 
particularly  those  connected  with  Imddiag.  The  following  extracts  from 
official  recorda  in  the  clerk's  office,  respecting  their  introductiDn  into  the 
city  of  New- York,  will  be  found  to  illustrate  some  of  the  above  remark*. 

It  does  not  appear  that  either  squirts  or  engines  were  used  during  the 
dme  the  city  remained  in  possession  of  its  founders ;  viz  :  from  A.  D. 
1614  to  1664.  The  volume  of  Dutch  records  preserved  in  the  clerk's  of- 
fice, to  which  we  referred,  page  S99,  contains  several  enactments  relating 
to  fires  and  fire  wardens,  but  no  mention  is  mode  of  instruments  for  extin- 
guishing fires  until  1648,  when  ladders,  books  and  buckets  were  ordered 
&om  Holland.  As  these  records  have  never  been  printed,  a  few  extraciA 
from  the  "Ordinances  of  the  Director-Oonerol  and  tne  Council  of  the  New 
Netherlands,"  will  be  acceptable  to  most  readers.  The  first  one  is  dal«d 
Bilay  29,  1647 :  it  csjmot,  perhaps,  be  strictly  considered  as  related  to  oor 
eutnect,  although  it  was  designed  to  remove  a  fruitiui  source  of  fires,  vis  : 
Mefrncty.  On  the  above  date  the  Director-General,  Petrtu  Stuyvetamt, 
issued  a  proclamation,  addressed  to  certain  of  the  inhabitants  "  who  are  ia 
the  habit  of  getting  drunk,  of  quarrellioKi  fighting,  and  of  smiting  each 
other  on  the  Lord's  day  of  rest,  of  which  on  the  last  Sunday,  we  our* 
■elves  Ivitnessed  the  painful  scenes."  It  appears  from  Uiis  and  other 
edicts  to  the  same  effect,  that  the  governor  had  considerable  difiicaltv  in 
keening  a  portion  of  his  people  sober;  and  from  foUowinga  practice  wnidi 
he  oenounces  as  the  "  aangerous,  iigurious,  and  damnable  selling,  giving 
oat,  and  dealing  out,  wines,  beers,  uid  ardent  spirits  to  the  Indians  or  nft- 
lives  of  this  land." 

Another  proclamation  is  more  to  our  purpose.  "  Witnat  it  has  corns 
to  the  knowledge  of  his  excellency,  this  Director-Qeneral  of  New  Ne-  - 
therlands,  Cnracoa,  Scc.aad  of  the  Islands  of  the  same,  and  their  Excellwi- 
cies  the  Councillors,  that  certain  careless  persons  are  in  the  habit  of  ne^ 
leciing  to  clean  their  chimoiea  by  sweeping,  and  paying  no  attention  to  their 
fires ;  whereby  lately  firea  have  occurred  m  two  houses ;  and  whereas  tha 
danger  of  fire  is  greater  as  the  number  of  houses  increases  here  in  New- 
Amsterdam  ;  and  whereas  the  groater  number  of  them  are  built  of  wood 
and  are  covered  with  reeds,  together  with  the  &ct  that  eome  of  the  hossM 
have  wooden  cfaimnies,  wMch  are  very  dangeroni :     Thereibre,  by  ih^ 
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prompt  and  excellent  Director-General  and  their  honoun  the  Conncillora, 
It  has  been  deemed  advisable  and  highly  neceaaary  to  look  into  thia  nut- 
ter, and  they  do  hereby  ordain,  enact,  and  interdict,  that  irom  this  lime 
forth  no  wooden  or  platted  chimnieH  shall  be  permitted,  .  .  .  Those'already 
standing  shall  be  permitted  to  remain  during  the  good   pleasure   of  the 

*fire  toardmt As  often  as  any  chimnies  shall  be  discovered  to  be 

foul,  the  fire  wardens  aforesaid  shall  condemn  them  as  foal,  and  the  owner 
■hall  immediately,  and  without  any  gainsaying,  pay  the  fine  of  three 
guilders,  for  each  chimney  thus  condemned  as  fool ;  to  be  appropriated  to 
the  maintenaniM  ai  fire  ladderi,  hookt,  and  bnek^  ;  which  shall  be  pro- 
vided and  procured  [from  Holland]  the  first  opporttmity.  And  in  case  dw 
hotise  of  any  person  shall  be  burned,  or  be  on  fire,  either  through  his  own 
negligence,  or  his  own  fire,  he  shall  be  mulcted  in  the  penalty  of  twattjf- 
five  guU-Am,  to  be  appropriated  as  aforesaid.  Thus  done,  passed  and  pub- 
lished at  Port  Amsterdam,  this  23d  day  of  January,  1648. 

This  ordinance  does  not  appear  to  have  produced  the  desired  fSaet, 
since  a  similHr  one  was  published  in  September  of  the  same  year.  In  Po> 
bruary  1656  another  was  issued,  by  which  the  fire  wardens  were  directed  to 
establish  such  penalties  for  chimneys  or  houses  taken  fire  "a*  tkall  bejbimd 
among  the  eiafomM  of  our  FtUheriand."  At  the  close  of  the  following  year 
the  use  of  squirts  or  engines  does  not  appear  to  have  occurred  to  the  inha- 
bitants, a  circumstance  from  which  it  may  bo  inferred  that  such  machines 
were  at  that  tima  little  used  in  Holland,  and  this  also  appears  ^m  an  al- 
lusion to  the  practice  of  quenching  lirea  there,  in  a  proclamation  prohilut- 
ing  wooden  chimneys,  flag  roo&,  &%.  "  In  all  well  regulated  cidea  and 
corporations,  it  is  customary  that  fire  buckets,  ladders  and  hooka,  are  in 
readiness  at  the  comers  of  uie  streets,  and  in  public  houses,  for  the  time  of 
need.  [Here  is  no  mention  of  engines,  although  the  ioBtruments  used  in 
Holland  are  obviooaly  alluded  to.]  The  Director- General  and  the  coun- 
cillors do  ordain  and  authorise  in  these  premises,  the  burgomasters  of 
this  city,  either  personally  or  by  their  treasurer,  promptly  to  demand  for 
every  honse,  whether  small  or  large,  ime  heavrr,  or  eight  guilders  in  se*- 
want,  according  to  the  established  price;  for  the  purpose  of  ordering  from 
the  revenue  of  the  same,  by  the  first  opportunity,  Jrom  Faikerland,  Hoo 
hundred  andfijly  leather  fire  buckeU;  and  out  of  the  surplus,  to  have  made 
Some^r«  ladders  and_/Ere  hookt:  and  in  addition  to  this,  once  a  year,  to 
detnand  for  every  chimney,  one  guilder  for  the  support  and  maintenance 
of  the  same.  Thus  done  in  the  session  of  the  director-general  and  emat- 
cillors,  held  in  the  fort  of  Amsterdam,  in  Xew  Netherlands,  this  15th  daj 
of  December,  A.  D.  1667." 

After  New  Netherlands  hecama  a  British  province,  similar  ordinances 
continued  to  be  enacted  dll  the  year  1731,  when  two  of  Newsham's  etb- 
gines  were  ordered  from  London.  These  were  probably  the  first  fire-en- 
gmes  used  on  this  continent.  The  following  extraets  are  from  die  nu- 
nutes  of  the  common  council. 

"  At  a  common  council  held  the  16th  day  of  February  1676-7,  in  the 
2Sth  year  of  Ckarlet  II.  Ordered  that  all  uid  every  person  and  persons 
that  luve  any  of  the  city's  ladders,  buckets  or  hooks  in  their  hands  or 
custody,  forUiwith  bring  the  same  unto  the  mayor,  as  they  will  answer  die 
oontraiy  at  their  periL"  The  some  date  some  wells  were  ordered  to  be 
made  "for  die  pubtic  good  of  the  city,"  among  which  was  "one  over 

r'  [ist  Yonleff  Johnson's  the  butcher ;  and  another  in  Broadway  agunst 
Vandike's."  "  At  a  common  conncil  held  the  15th  day  of  March 
1683,  m  the  36<&  <^  the  reig»  ef  CkofUt  II.  Ordered  that  provision  be 
made  &r  hooks,  ladders  and  buckets,  to  be  kept  in  conveni«it  places 
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widkin  this  cit^,  for  a.vaydiiig' the  peril  of  fire."  No  mention  ie  here  mode  of 
engines,  nor  in  the  next  extract,  wherein  the  wantof  instnimentB  Xo  quench 
fire  is  especially  referred  to.  "  Feb.  S8,  1686 :  Whereas  great  damages 
have  been  done  by  fire  in  this  ci^,  by  reason  there  were  not  instruments 
to  quench  the  same.  It  is  ordered  that  ereiy  inhabitant  within  the  ci^ 
whose  dwelling  house  has  two  chimnjes  ahall  proride  one  bucket  for  iu 
use :  and  every  house  having  more  than  two  hearths,  shall  have  two 
buckets."  Every  brewer  was  to  provide  six,  and  every  baker  three  buck- 
ets, under  a  penalty  of  six  shillings  for  every  bucket  ordered.  "  January, 
1689 ;  Ordered  that  there  be  appobted  five  Brent  nuulers  for  the  city  of 
New-York,  as  follows :  Peter  Adolf,  Derek  Vauderbrlnk,  Derek  Ten 
£yk,  Jacob  Borlen,  Tobias  Stoutenburgh  ;  and  that  five  ladders  be  made 
to  serve  upon  occauon  of  fire,  with  sufficient  hooks  thereto." 

November  16,  1695  :  Every  dwelling  in  the  city  was  to  be  provided 
with  one  or  more  buckets  by  New-Year's  day.  The  tenants  were  to 
provide  them  for  the  houses  they  occopied,  and  the  cost  to  be  deducted 
tfom  the  rent  Every  brewer  was  again  ordered  to  procure  for  his  pre- 
mises six,  and  every  baker  three.  Several  buckets  were  lost,  and  the 
public  crier  was  directed  to  give  notice.  These  "  orders"  do  not  appear 
to  have  been  implicitly  obeyed,  for  they  were  frequently  repeated,  and 
in  November  1703,  a  penalty  was  attached  for  noncompliance.  "  Octo- 
ber 1,  1706  !  Ordered  that  Alderman  Vanderburgh  do  provide  for  the 
Eublic  UHe  of  this  city,  eight  ladders  and  two  fire  books,  and  poles  of  such 
sngth  and  dimensions  as  be  shall  judge  to  be  convenient,  to  he  used  in 
case  1^  fire."  November  20,  1716,  a  committee  was  appointed  "  to  pro- 
vide a  RufBcient  number  of  ladders  and  hooks  for  the  public  use  of  this 
city  in  case  of  fire."  In  November  1730,  FiaE-ENaiNSS  are  first  men- 
tioned. On  the  18th  of  that  month  among  other  provisions  enacted  for 
die  prevention  and  extinguishment  of  fires,  one  is  in  the  following  words: 
"  And  be  it  ordained  by  the  authority  aforesaid,  that  forthwith  provision 
be  made  for  hooks,  ladders  and  backets,  and  fire-enoinbb,  to  be  kept  in 
convenient  places  within  the  city  for  avoiding  (he  peiil  of  fire."  At  the 
same  time  the  inhabitants  were  again  directed  to  provide  and  keep  buckets 
in  their  houses.  It  does  not  appear  that  any  active  measures  to  procure 
the  engines  were  taken  till  the  next  year,  for  under  the  date  of  May  6, 
1731,  the  common  council  "  Res«Ived  that  this  corporation  do  with  all 
convenient  speed  procure  Uco  com^te  ^re-engiitet,  with  ruction  and  oil 
tnatenal*  theraimto  hdonging,Jor  th^ptihlic  tertrice:  that  the  tize*  tken^ 
he  the  fourth  and  rath  riser  ^  Mr.  Newtham'rjire-nginet :  and  that  Mr. 
Mayor,  Alderman  Cruger,  Alderman  Rutgers  and  Alderman  Boosevelt, 
or  any  three  of  them,  be  a  committee  to  agree  with  some  proper  merchant 
or  merchants  to  send  to  London  for  the  same  by  the  first  conveyance, 
and  report  upon  what  terms  the  said  fire-engines,  he.  will  be  delivered  to 
this  corporation." 

On  the  12th  ifjvtte  the  committee  reported  that  the  engines  could  be 
imported  at  an  advance  of  120  per  cent  on  the  invoice ;  and  they  were 
ordered  accordingly.  They  seem  to  have  arrived  about  the  \*t  of  i?e> 
c«n^,  for  on  that  day,  a  room  in  the  City  Hall  was  ordered  to  be  fitted  ap 
"  for  securing  the  fire-engines."  On  Uie  14^  ^  December  a  committee 
of  two  was  appointed  "to  have  the  fire-engines  cleaned  and  tbe  leathers 
oiled  and  put  mto  boxes,  that  the  aaiQe  may  be  fit  for  immediate  use." 
January  Zti,  173S.  The  mayor  and  four  members  of  the  court  were  au- 
thorized to  employ  persons  to  put  the  fire-engines  in  good  order,  and  also 
to  agree  with  proper  persons  to  look  aHer  and  take  care  of  the  same.  Ft 
appears  diat  ADthony  Lamb  was  the  first  superintendent  of  fire-en^neSi 
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for  on  ihe2itA  of  January  1735,  the  major  wha  ordered  "  toissuehis  war- 
rant to  the  treuurer  to  pay  Mr.  Anthony  Lamb,  overseer  of  the  flre-engiDes, 
or  order,  the  sum  of  three  pounds,  current  money  of  this  colony,  in  full 
of  one  4{UB.rter  of  a  year's  salary,  due  and  ending  the  first  instant"  On 
the  same  date  a  committee  was  appointed  to  employ  workmen  "  to  pat 
them  in  good  repair,  and  that  they  have  full  power  to  agree  with  any 
person  or  persons  by  the  year,  to  keep  the  same  in  such  ^ood  plight,  re- 
pair and  condition,  wA  to  play  the  same  as  often  as  ther«  aballbe  occasion 
upon  any  emergency," 

April  15,  1736.  "  A  convenient  house  [was  ordered]  to  be  mode  conti- 
guous to  the  watch-house  in  the  Broad  street  for  securing  and  well  keeping 
Qie  fire-engines  of  the  city."  This  seems  to  have  been  the  firat  engine 
house.  May  1,  1736.  Jacobus  Turk,  a  gunsmith,  was  appointed  to  take 
charge  of  the  fire-engines  and  to  keep  them  in  repair  at  his  own  cost,  for 
a  salary  of  ten  pounas  current  money.  Mr.  Turk  undertook  during  the 
next  year  to  make  an  engine,  for  May  15,  1737,  the  common  council  or- 
dered the  sum  of  ten  pounds  to  be  advanced  "  to  the  said  Jacobus  Turk, 
to  enable  him  to  go  on  with  finishing  a  small  fire-engine  he  is  making  for 
an  experiment :"  probably  the  first  made  in  America. 

November  4,  1737.  The  common  council  drew  up  a  petition  to  the  le- 
gislature to  enable  the  corporation  "  to  appoint  four-and-twenty  able  bo- 
died men,  inhabitants  within  this  city,  who  shall  he  called  thejfrefflcwof  this 
city,  to  work  and  play  the  fire-engines  within  the  same,  upon  all  occamona 
and  emergencies,  when  they  BhalT  be  thereunto  required  by  the  overseer 
of  the  said  engines,  or  the  magistrates  of  the  said  city :  ana  that  the  said 
firemen  as  a  recompense  and  reward  for  that  service,  may  by  the  same 
law  be  excused  and  exempted  from  being  elected  and  serving  in  the  office 
of  a  constable,  or  being  enlisted,  or  domg  any  duty  in  the  militia  renment, 
troop,  or  companies,  in  the  said  ciiy,  or  doing  any  duty  in  any  of  ue  said 
offices  during  their  continuance  as  firemen  aforesud."  This  law  was 
passed  by  the  assembly  in  September  following,  and  the  du^  of  firemen  de- 
fined. The  next  notice  of  engines  occurs  ten  years  af^rwards,  in  March 
1748,  when  the  corporation  "  ordered  that  one  of  the  fire-engines  of  this 
city,  of  the  tectmd  tize,  be  removed  to  Montgomery's  Ward  of  this  city, 
near  Mr.Hardenbrooks;  and  that  a  shed  be  built  thereabouts  at  the  charge 
of  this  corporanon  for  the  securing  and  keeping  the  same."  By  this  it 
appears  that  s^eral  engines  besides  the  two  onginal  ones  were  then  in 
use.  The  one  just  named  was  a  different  size  (much  smaller)  than  those 
first  ordered.  It  is  uncertain  whether  the  additional  ones  were  made  by 
Mr.  Turk,  but  probably  not,  since  both  large  and  small  ones  were  ordered 
from  London  for  several  years  aAer  this  date.  Prom  tie  following  ex- 
tract we  find  that  several  of  the  large  fire-engines  (the  sixth  sise  of  New- 
sham)  belonged  to  the  city.  Febntary  88, 1749,  "Ordered  that  Major 
Vanhousand  and  Mr.  Provost  do  take  care  to  get  a  sufficient  house  boih 
for  (me  of  the  large  _fire-enginet,  to  he  kept  in  some  part  of  Hanover  square 
at  the  expense  of  this  corporation,  and  that  there  oe  a  convenience  made 
therein  for  hanging  fif^  buckets:  and  also  ordered  that  there  be  one  hun- 
dred new  fire  butieta  made  for  the  use  of  this  corporation  will  all  oon- 

May  S,  1752.  "  Ordered  that  Jacob  Turk  have  liberty  to  purchase  six 
small  ipeaking  trumpett  for  the  use  of  this  corporation,  ».  e.  for  the  pur- 
pose of  giving  directions  to  firemen  during  conflagrations.  Jitne  20,  1758, 
"  One  large  fire-engine,  one  small  do.  and  two  hand  do."  were  ordered 
to  be  procured  from  London.  July  34,  1761.  Mr,  Turk,  after  snperiif 
tending  the  engines  for  twenty-five  years,  was  superceded  by  J&g(J>ub 
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SbratenbarRli,  wtto  vm  9ii«cted  to  take  charge  of  them  at  &  uluy  of 
thirty  pounai ;  and  "  the  late  overseer,  Mr.  Jacobus  Turk,  [wu  ordtired 
to]  dehv«r  up  to  the  said  Jacobua  Stouteabu^h,  the  said  several  fire-en- 
ginea."  November  19,  1762.  'The  firemen  were  directed  to  wear  leather 
coDf  when  on  duty.  May  1,  177S.  An  engine  woa  ordered  to  be  pro- 
vided for  the  Out  ward.  JtUy  10,  1772.  "  Alderman  Grautier  laid  before 
this  board  an  account  of  the  coat  of  two  Gre-en(^nea  betonging  to  Thomaa 
TiUier :  and  Aldemian  GantiBr  ia  requeited  to  purchase  xbe  same."  jS^ 
tember  9,  1778.  A  committee  waa  authorized  "to  purchase  one  other  fire- 
engine  of  David  Hunt."  The  three  engine*  laat  named  were  probablj 
from  Enzland,  for  at  die  time  these  machine*  were  in  the  list  of  ordinary 


It  ia  not  impossible  that  some  engines  were  made  in  Massachusetts  about 
the  time  of  the  Revoluuonary  war.  In  Oct^^r  1767,  the  people  of  Bos- 
ton, irritated  b^  the  exactions  and  di^ualed  with  the  parasites  of  mo- 
narchy, determined  in  a  town  meetine  to  cease  importing  from  the  31st  of 
December  following,  numeroiis  articles  of  British  mauufikcture,  among 
which  were  enumerated  anchors,  naols,  pewter-ware,  clothing,  hats,  car- 
riages, cordage,  furniture,  and  ^fire-aigimt.  And  in  March  1768,  the  As- 
sembly resolved,  "  that  this  house  will,  by  all  prudent  means,  endeavour 
to  discountenance  the  use  of  foreign  Buperfluiciea,  and  to  encourage  the 
manufactures  of  this  province  ;"  hence  it  is  reasonable  to  suppose  that  en- 
maea  either  had  been,  or  then  could  be  made  in  the  province  ;  otherwise 
It  is  not  Likely  that  their  importation  would  have  been  denounced.  As 
ma  article  of  trade  they  were,  from  the  limited  number  required,  insignifi- 
ctatt — they  had  no  connection  with  luxury ;  and  so  &r  from  being  "  su- 
perfluities," they  were  necessair  to  protect  the  property  of  the  people 
from  destruction — they  would  therefore  be  among  the  last  things  that  a 
people  would  cease  to  import  while  unable  to  make  them. 

It  was  not  till  several  years  after  the  close  of  the  stru^le  for  indepen- 
dence that  fire-engines  were  made  in  this  and  some  other  cities.  They 
have,  however,  long  been  made  here  and  in  Philadelphia,  Boston,  tec. 
Small  engiiies  were  formerly  used,  but  they  have  gradually  disappeared, 
the  manuiacturers  confining  themselves  principally  to  the  largest.  The  use 
s  has  also  been  discontinued  on  account  of  die  extensive  applica- 


of  buckets  has  also  been  discontinued  on  account  of  die  extensive  applio 
tion  of  hose.  Village  engines  are  sometimes  constructed  with  single  cy- 
linders and  double  acting,  but  being  more  liable  to  derangement,  they  are 
not  extensively  used.  Kotai^  engines  are  also  made  in  some  parts  of 
New-England,  on  the  principle  of  Bramab  and  Dickenson's  pumps,  (No. 
138.^  As  ordinary  fira-engines  are  merely  forcing  pumps,  arranged  in 
carnages  and  famished  witn  flexible  pipes  ;  it  is  not  to  be  supposed  that 
any  radical  improvement  upon  them  can  be  effected.  The  pump  itself 
is,  perhaps,  not  capable  of  any  material  change  for  the  better;  and  it  is  at 
twMent  essentially  the  same  as  when  used  by  Ctesibius  and  Heron  in 
Agypt,  twenty  centuries  ago:  hence  fire-engines,  since  hose  pipes  and  air 
chambers  were  introduced,  have  difiered  mim  each  other  chiefly  in  the 
carriages  and  in  the  arrangement  and  dimensions  of  the  pumps — as  the 
position  of  the  cylinders,  mode*  of  working  the  pistons,  bore  and  direction 
of  the  passages  for  the  w&tor,  8k.  In  these  respects  there  is  not  much 
diSerence  between  European  and  American  engines;  nor  in  the  varieties 
at  the  latter.  Those  made  in  Philadelphia  radier  resemble  French  and 
Oonnan  engine*,^in  working  the  pumps  at  the  ends  of  the  carriages,  and 
without  the  sectors  and  chains ;  \rhile  New-York  engines  are  precisely 
the  saioe  as  Newsham's,  both  in  the  arrangement  of  the  pumps  uid  mocb' 
ot  wooing  them,  with  the  exception  of  treddles,  which  are  not  uaadk. 
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No.  153  reproKnts  an  extenwl  view  of  a  FbiWelpbia  «iiguie :  die 
pump«  and  air  veucl  ar«  arranged  as  in  No.  ISO,  but  the  piston  rods  are 
connected  directly  to  the  beat  lever,  which  is  moved  by  a  double  set  of 
bandlea  or  staves.  A  Dumber  of  men  stand  upon  each  endof  the  cistern  and 
'work  the  engine  by  the  staves  nearest  to  them,  while  others  on  the  ground 
apply  their  strength  to  the  staves  at  the  e^itremities  of  the  lever.  The 
■taves  turn  upon  studs  at  the  centre  of  the  cross  bars,  and  when  put  in 
operadon,  fall  into  clasps  that  retain  them  in  their  placet.  Provision 
is  made  to  convey  the  stream  either  from  the  lower  or  from  the  upper 
part  of  the  air  chamber.  Hose  companies  supply  the  engines  with  water. 
The  fireioen,  as  in  all  American  cities,  are  volunteers,  and  generally  con- 
sist of  young  tradesmen  and  merchants'  clerks,  kc.  They  are  exempt 
from  nulida  and  jury  duty.  Each  member  pays  a  certain  sum  on  his 
admission,  and  a  sm^t  annual  subscription.  A  fine  is  also  imposed  upon 
any  one  appearing  on  duty  withouthia  appropriate  dress  (see  figure  in  the 
out)  as  well  for  being  absent.  A  generous  spirit  of  rivalry  exists  among 
the  different  compames,  which  induces  ibem  to  keep  their  engines  in  a 
high  state  of  woiking  order. 
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No.  154  exhibits  a  New-York  en^ne.  The  pump  cylinders  are  ar- 
ranged and  worked  precisely  as  shown  in  the  section  No.  ISO.  They 
are  six  and  a  half  inches  diameter,  and  the  pistons  have  a  stroke  of  nine 
inches.  Previous  to  the  formation  of  hose  companies,  each  engine  was 
provided  with  a  reel  of  hose ;  this,  when  not  in  use,  was  covered  by  a 
case  of  varnished  cloth  or  leather.     Most  of  the  engines  still  have  reels, 

■which  are  carried  as  shown  in  the  cut.    The  stream  of  water  is  invatiably 

itaken  from  the  top  of  the  air  chambers,  which  resemble  the  one  at  No.  150. 

'This  practice  is  bad,  because  in  most  cases  that  part  of  the  hose  betwe^i 
the  goose-neck  and  the  lire  descends  to  the  grouiid,  and  hence  the  water 
in  the  pipe  is  unnecessarily  diverted  from  its  course  and  a  corresponding 

-diminuDon  of  effect  is  the  result  In  all  cases  the  hose  had  better  be  con- 
nected to  the  bottom  of  the  air  chamber,  or  to  its  side  near  the  bottom, 

-a*  in  Not.  118,  15S,  155.     Very  long  chambers  (as  the  one  in  No.  15fl) 
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retard  die  iMue  of  the  liquid  more  than  odiers  which  discharge  it  from 
the  top,  because  the  water  has  to  descend  in  them  nearly  perpendicu- 
larly to  enter  the  orifice  of  the  pipe,  and  its  direction  is  Uien  precisely 
reoeraed,  for  it  has  to  rise  perpendicularly  in  order  to  escape. 
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In  exterior  decoration  American  engines  are  proLalily  unrivaled  :  the 
firemen  take  pride  in  ornamenting  their  respective  machines,  and  hence 
most  of  them  are  finished  in  the  most  superb  and  expensive  manner.  The 
whole  of  the  iron  work,  except  the  tire  of  the  wheels,  is  freijuently  pkted 
with  Hilver;  every  part  formed  of  brass  is  brought  to  the  highest  polish; 
and  while  ail  the  wood  work,  including  the  wheels,  is  elegantly  pointed 
and  gilded,  the  backs,  fronts,  and  panels  of  the  case  that  encloses  the 
air  chamber  and  pumps,  are  enriched  with  historical  and  emblematical 
paintings  and  carved  work,  by  the  first  artists. 

A  new  organization  of  the  nre  department  of  New-York  has  long  been 
in  contemplation,  and  the  project  of  a  law  to  that  effect,  is  at  this  time 
under  the  consideration  of  the  legislature  of  the  state,  uid  of  the  corpo- 
ration  of  the  city. 

The  most  valuable  contribution  of  American  mechanicians  to  the  means 
of  exdngoishing  fires  is  the  riveted  hose,  invented  by  Sellers  and  Pennock 
of  Philadelphia.  It  is  too  well  known  both  here  and  in  Europe  to  r«- 
quire  particular  description.  No  modem  apparatus  is  complete  without  it. 

The  Mechanics'  Institute  of  New- York  ofiered  agold  medal  (in  January 
1840)  for  the  best  plan  of  a  Steam  fire-engine,  llie  publication  of  the 
ttotice  was  ve^  limited,  and  but  two  or  three  plans  were  sent  in.  Of 
theae,  one  by  Mr.  Ericsson,  a  European  engineer  now  in  this  country,  re- 
ceived the  prize.  No.  155  represents  a  view  of  the  engine.  No.  156  a 
longitudinal  section  of  the  boiler,  steam  engine,  pump,  air  vessel  and  blow- 
ing apparatus-  No.  157,  plan.  No.  168,  a  transverse  section  of  the  boiler 
through  the  furnace  and  steam  chamber.  No.  159,  the  lever  or  handle 
for  working  the  blowing  apparatus  by  hand.  The  following  is  the  inven- 
tor's description,  in  which  the  same  letters  of  reference  denote  the  same 
pans  in  all  the  figures. 
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"  A  llie  double  Bcling  force  pnmp,  cast  of  gnn  metal,  firmly  lecnred  to  the 
Ckrriage  frame  by  four  Btrong  brackets  cast  on  its  sides,  a,  a.  Suction 
ralves.  a',  a',  Suction  passages  leading  to  the  cylinder,  a".  Chamber 
containing  the  sacdon  valves,  and  to  which  chamber  are  connected  sucUon 
pipes  a'",  a'",  to  which  the  hose  is  attached  by  screws  in  the  uiual  man- 
ner, and  closed  by  the  ordinary  screw  cap.  The  delivering  valves  and 
passages  at  tha  top  of  the  cylinder  are  similar  to  those  just  mentioned. 


B  the  sir  ressel,  of  a  globular  form,  made  of  copper,  h  h  delivery 
pi^s,  to  which  the  presgure  hose  is  attached  ;  when  only  one  jet  is  re- 
quired, the  opposite  pipe  may  be  closed  by  a  screw  cap.  as  usual.  The 
piston  or  bucket  of  the  force  pump  to  be  provided  with  double  leather 
packing:  [cupped  leathers]  the  piaton  rod  to  be  made  of  copper. 
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"  C  the  boiler,  constructed  on  the  principle  of  the  ordiniuy  locomotive 
boiler,  and  containing  S7  tubes  of  IJ  inch  diameter.  The  top  of  the  Bteam- 
chamber  and  the  horizontal  part  of  the  boiler  ihould  be  covered  with  wood, 
to  prevent  the  radiation  of  heKL     c  the  fire  door     c'  the  aah  pan. 


c nz 

c"  &  box  ucached  to  end  of  boiler,  inclosing  the  exit  of  the  tubes.  Tha 
hot  air  from  the  tubes  received  by  tbia  box  la  paaaed  off  through  smoke 
pipe  e"',  which  is  carried  ihrougn  D  D,  making  a  half  spiral  turn  round 
the  air  vessel  in  the  form  of  a  serpent  c",  iron  brackets  riveted  to  the 
boiler,  and  bolted  to  the  carriage  frame,  c*,  a  wrought  iron  stay,  also 
bolted  U>  the  carriage  frame,  for  supporting  the  horizostal  port  of  the  boiler. 
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"E,  a  cylindrical  box  Kttaclied  to  the  top  of  the  ateun  chamber,  contain- 
ing a  conical  Bteam  valve  e,  and  also  Bafetv  valve  e'.  e"  acrew  with 
handle  connected  to  the  Bteam  valve,  for  admitting  or  ahntting  off  the  steam. 
«"'  induction  pipe,  for  conveying'  the  steam  to 

F,  the  steam  cylinder,  provided  with  steam  pusages  and  slide  valve  of 
the  usual  construction,  and  secured  to  the  carriage  frame  in  the  same  man- 
ner as  the  force  pump. /Eduction  pipe,  for  carrying  off  the  steam  into  the 
atmosphere.  J'  Piston,  provided  with  metalHc  packing,  on  Barton's 
plan.  /",  Piston  rod  of  Mcel,  attached  to  the  piston  rod  of  the  force 
pomp  by  means  of 

G.  a  crosshead  of  wrought  iron,  into  which  both  piston  rods  are  inserted 
and  secured  by  keys,  g.  Tappet  rod  attached  to  the  crosshead,  for  mov- 
ing the  slide  valve  of  the  steam  cylinder  by  means  of  nuts  g",  g",  which 
m^  be  placed  at  any  position  on  Uie  tappet  rod. 

H.  Spindle  of  wrought  iron,  working  in  two  bearings  attached  to  the 
cover  of  the  steam  cyhnder,  the  one  end  thereof  having  fixed  to  it,  h 
a  lever,  moved  or  struck  ultimately  by  the  nnts  g",  g".  h'  a  lever,  fixed  to 
the  middle  part  of  the  spindle  H,  for  moving  the  steam  valve  rod. 

I.  Force  pump  for  supplying  the  boiler,  constructed  with  spindle 
valves  on  the  ordinary  plan ;  the  suction  pipe  thereof  to  communicate 
with  the  vatve  chamber  of  the  water  cylinder,  and  the  delivering  pipe  to 
be  connected  to  thehonsontalpart  of  the  boiler,  t,  Plunger  of  foitie  pump, 
to  be  made  of  gun  metal  or  copper,  and  attached  to  the  crosshead  G. 

J.  Blowing  apparatus,  consisting  of  a  s<]uare  wooden  box,  with  pan- 
eled sides,  in  which  b  made  to  work  a  square  piston  j,  made  of  wood, 
joined  to  the  sides  of  sud.box  by  leather,  f.  Circular  holes  or  openings 
dirough  the  sides,  for  admitting  atmospheric  air  into  the  box ;  these  holes 
being  covered  on  the  inside  by  pieces  of  leather  or  India  rubber  cloth  to 
act  as  valves,  y,  are  umilar  holes  through  the  top  of  the  box,  for  pasnng 
off  the  air  at  each  stroke  of  the  piston,  into 

K.  Receiver  or  regulator,  which  has  a  movable  top  k,  made  of  wood, 
jmned  by  leather  to  the  upper  part  of  the  box ;  a  thin  sheet  of  lead  to  be 
attached  thereto,  for  keeping  up  a  certain  compression  of  air  in  the  regu- 
lator, if,  Box  or  passage  made  of  sheet  iron,  attached  to  the  blowing 
apparatus,  and  having  an  opaa  communication  with  the  regulator  at  k" : 
to  this  passage  is  connected  a  conducting  pipe,  as  marked  by  dotted  lines 
in  No.  156,  for  conveying  the  air  from  the  receiver  into  the  ash  pan,  under 
die  furnace  of  the  boiler  at  h/" ;  this  conducting  pipe  passes  along  the  in- 
side of  the  carriage  fr«me  on  either  aide. 

L,  L.  Two  parallel  iron  rods,  to  which  the  piston  of  the  blowing  ap- 
paratus is  attached  :  these  rods  work  through  guide  brasses  I,  I,  and  they 
may  be  attached  to  the  crosshead  G,  by  keys  at  I',  I'.  The  holes  at  the 
ends  of  the  crosshead  for  admitting  these  rods  are  sufficiently  large  to  al- 
low a  free  movement  whenever  it  is  desirable  u  work  the  blowing  appsr 
ratns  independently  of  the  engine. 

H.  Spindle  of  wrought  iron,  placed  transversely,  and  woriiing  in  Iwo 
bearings  fixed  under  the  carriage  frame :  to  this  spindle  are  fixed  two 
crank  Teveri  m,  m,  which  by  means  of  two  connecting  rods  m!  m',  give 
motion  to  the  piston  rods  L,  L,  by  inserting  the  hooks  m",  m",  into  the 
eyes  at  the  enas  of  the  said  piston  Toda. 

N.     Crank  lever,  fixed  at  the  end  of  spindle  M,  which  by  means  of 

O.     Crank  pin,  fixed  in  the  cania^  wheel,  and  also 

P.  Coimecting  rod,  will  communicate  motion  to  the  blowing  aftpara- 
toi,  whenever  the  carriage  is  in  motion,  and  the  above  parts  duly  con* 
neoted. 
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"  A  pb  »  ia  fixed  id  lever  N,  placed  at  sue})  diMance  from  the  centre  of 
tMndle  M,  that  it  will  fit  the  hole  n'  of  the  lever  bHowd  in  No.  159,  whilM 
.  tP'  receiveB  the  end  of  the  ipindle  M.  Whenever  the  blowing  apporatoa 
u  to  he  worked  by  the  engine  or  by  manual  force,  the  connecting  rod  P 
should  be  detached  by  means  of  the  lock  at  p.  The  carriage  frame  should 
be  made  of  oak,  and  plated  with  iran  all  aver  the  outside  and  top  ;  the 
top  plate  to  have  small  recegsee,  to  meet  the  brackets  of  the  cylinders,  aa 
idiown  in  the  drawing.  The  lock  of  the  carriage,  axles,  and  springs  to  be 
made  as  usual,  only  dmering  by  having  the  large  spriags  suspended  Mou 
the  axle.  The  carriage  wheels  to  be  constructed  on  the  suspension  prin- 
ciple ;  spokes  and  rim  to  be  made  of  wrought  iron,  and  very  light 

The  principal  object  of  a  steam  fire-engine  being  that  of  not  depending 
on  the  power  or  diligence  of  a  large  number  of  men,  one  or  two  horses 
should  always  be  kept  in  an  adjoining  stable  for  its  transportation.  The 
fire  grate  and  flues  should  be  kept  very  clean,  with  dry  shavings,  wood  and 
coke,  carefully  laid  in  the  furnace  ready  tor  ignition ;  and  a  toroh  should 
always  be  at  nand  to  ignite  the  fuel  at  a  moment's  ikotice.  To  this  fire- 
engioe  establishment  the  word  of  fire  should  be  given,  widtout  interme- 
diate orders :  the  horses  being  put  to,  the  rod  attached  connecting  the  car- 
riage wheel  to  the  bellows,  and  the  fuel  ignited,  the  engine  may  on  all  oi^ 
dinaiy  occasions  be  at  its  destination,  and  m  fiill  operation  in  ten  minutes." 

Attempts  to  supersede  fire-endues  were  formerly  common.  Zachaiy 
Greyl  is  said  to  be  the  firet  who,  ia  modern  times,  devised  a  substitute. 
This  consisted  of  a  close  wooden  vessel  or  barrel,  containing  a  considera- 
ble quantitv  of  water,  and  in  the  centre  a  small  iron  or  tin  case  full  of  gun- 
Sowder :  from  this  cose  a  tube  was  condnued  through  the  side  or  head  of 
10  barrel,  and  was  filled  with  a  composition  that  rindily  ignited.  When 
a  room  was  on  fire,  one  of  these  machines  was  thrown  or  conveyed  ioto 
it,  and  the  powder  exploding  dispersed  the  water  in  the  enter  case  in 
every  direction,  and  instantly  extmguished  the  flames  although  raging 
with  violence  a  moment  before.  In  1723,  Godfrey,  an  English  chemist, 
ctniied  this  device,  and  impremiated  the  water  with  an  "  autiphlogistio" 
substance.  He  named  his  machines  ''water  bomba."  In  the  year  1734, 
the  States  of  Sweden  offered  apremium  of  twenty  thonsand  crowns  for  the 
best  invention  of  stopping  the  progress  of  fires;  upon  which  M.  Fuches,  a 
German  chemist,  introduced  an  apparatus  of  the  same  kind.  Similar  de- 
vices have  been  brought  forward  in  more  recent  days  ;  bnt  after  making- 
a  noise  fi:>r  a  time,  they  have  passed  into  oblivion.  (i9ee  London  Maga- 
cino  for  1760  and  1761.) 

Among  the  devices  of  modem  times  for  securing  buildings  from  fire,  may 
be  mentioned  the  plan  of  Dr.  Hales,  of  covering  the  floors  with  a  layer 
of  earth;  and  that  adopted  byHarley  inl775,  of  nailing  over  joists,  floors, 
stairs,  partitions,  Sk.  sheet  iron  or  tin  plate.  To  increase  the  effect  of 
fire-engines,  the  author  of  this  work  devised  in  1B17,  and  put  in  practice 
at  PatersoD,  New  Jersey,  in  1820,  the  plan  of  fixing  perforated  copper 
pipes  over  or  along  the  ceiling  of  each  floor  of  a  factory  or  Other  build- 
ings, and  connecting  them  with  others  on  the  outside,  or  at  a  short  dis- 
tance from  the  walls,  so  that  tha  hose  of  a  fire-ensine  could  be  rea> 
di^  united  by  screws ;  but  the  plan  had  been  previously  developed  by  Sir 
W.  Congreve.     It  has  recently  been  brought  before  the  public  as  a  new 


Of  the  numerous  Fire  Eteapet  that  have  been  brought  forward  in  modem 
times,  the  greater  port  are  such  as  were  employed  by  die  ancients  to  scale 
walls  and  to  enter  fortresses,  tec.  in  times  of  war.     It  is  indeed  obvioM 
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tliu  the  Mine  devicea  by  which  pertons  eatend  bnildiiip,  woidd  alio  to- 
■wer  the  purpose  of  eacaping  from  them :  and  aa  the  utmoat  iogenuity  of 
the  ancients  was  exercised  in  deviBing  means  to  accomplish  the  one,  it  waa 
exceedingly  natural  that  modem  inTe&tors  should  hit  upon  nmilar  contri- 
vaDcea  to  effect  the  other.  la  the  cuts  to  the  old  German  translation  of 
Vegetius,  to  which  we  have  so  oflen  referred,  there  are  ladders  of  rope 
ana  leather,  in  great  variety,  with  hooks  at  the  ends  which  when  thrown 
by  hand  or  an  ennne,  were  designed  to  catch  hold  of  the  comers  and  tops 
of  the  walls  or  windows — folding  ladders  of  wood  and  metal,  some  con- 
sisting of  numerous  pieces  screwed  into  each  other  by  the  person  ascend- 
ing, ull  he  reached  the  required  elevation ;  others  with  rollers  at  their 
upper  ends  to  facilitate  their  elevation  by  rearing  them  against  the  front 
of  the  walls — baskets  or  chests  containing  several  persons  raised  perpen- 
dicularly on  a  movable  frame  by  means  of  a  screw  below,  that  pushed 
out  several  hollow  frames  or  tubes  contained  within  each  other,  like  those 
of  a  telescope,  whose  united  length  reached  to  the  top  of  the  place  at- 
tacked— sometimes  the  men  were  elevated  in  a  basket  suspended  at 
the  long  end  of  a  lever  or  swape.  Several  combmations  of  the  lazy  tongs, 
or  jointed  parallel  bars  are  also  figured— one  of  these  moved  on  a  cai^ 
riage  raised  a  large  box  coolaining  soldiers,  and  is  identical  with  a  fire 
escape  described  in  volume  xxxi  of  the  Transactions  of  the  London  So- 
ciety of  Arts. 

Anciently  the  authora  of  accidental  fires  were  punished  in  proportion 
to  the  degree  of  negligence  that  occasioned  them  ;  and  they  were  com- 
pelled to  repair  to  the  extent  of  their  means,  the  damage  done  to  their 
neighbors.  A  law  of  this  kind  was  instituted  by  Moaes,  probably  in 
imitation  of  a  similar  one  in  force  among  the  Egyptians.  Other  preven- 
tive measures  consisted  in  the  establishment  of  watchmen,  whose  duty  it 
was  Co  arrest  thieves  and  incendiaries,  and  to  give  alarm  in  case  of  nre. 
From  the  earliest  days,  those  who  designedly  fired  buildings  were  put  to 
death.  A  very  ancient  custom  which  related  to  the  prevention  of^  fires, 
is  still  partially  kept  up  in  Europe,  although  the  design  of  its  institution 
is  almost  forgotten,  viz  :  the  ringing  of  town  bells  about  eight  o'clock  in 
the  evening,  as  a  signal  for  the  mhabitants  to  put  out  their  lights,  rake 
together  the  fire  on  their  hearths,  and  cover  it  with  an  instrument  named 
a  ctafeu);  a  corruption  of  cimvnjeii,  and  hence  the  evening  peal  became 
known  as  "  the  ciufew  belL"  It  has  been  supposed  that  the  custom  origi- 
nated with  William  the  Conqueror,  but  it  prevailed  over  Europe  long  be- 
fore his  time,  and  was  a  very  beneficial  one,  not  only  in  constantly  remind- 
ing the  people  to  guard  aeainst  fire,  but  indicating  to  them  the  usual  time 
of  retuing  to  rest ;  for  neither  clocks  nor  watches  were  then  known,  and 
in  the  absence  of  the  sun  they  had  no  device  for  meaaunng  time.  Al&ed 
the  Great,  who  measured  time  by  candles,*  ordered  the  inhabitants  of 
Oxford  to  coeer  their  fires  on  the  rmging  of  the  bell  at  carfax  eveiy  nighL 
The  instrument  was  made  of  iron  or  copper.  Its  general  form  may  be 
understood  by  supposing  a  common  cauldron  turned  upside  down  and 
divided  perpendicidarly  through  the  centre ;  one  half  being  furnished  with 
k  handle  riveted  to  it  would  be  a  couvre  feu.  When  used  it  was  placed 
over  the  aahes  with  the  open  aide  close  to  the  badt  of  the  hearth.  (See 
DicL  Trevoux;  Hone's  Every  Day  Book,  vol.  i.  213,  and  Shakespeare's 
Someo  and  Juliet,  Act  iv,  scene  4.) 

In  the  thirteendi  year  of  Edward  L  (A.  D.  1286,)  an  act  was  passed 

■  In  SbBkMpMre'i  plaf  of  Eichord  III.  set  v.  100110  3,  liisrB  is  ■  roferooco  nndsr  tba 
namaafaioateJltodieoecuidlaa.  Tba;  were  maricad  ioaoelions,  each  of  which  waaaeai^ 
tain  timo  in  burning,  and  thus  meaiiiTed  Iho  houn  duiing  the  night  or  cloudy  waadiar. 


,.5lc 


Cliqi.  &]  AitciaU  Lout  ntpeetmg  FIra.  9Sl 

•gunat  iacendiariea,  and  night  wstohmen  were  ordered  to  be  ftpptnnted 
in  evBiy  town  end  ci^.  In  1429  another  act  declared,  "  If  any  tnreaten 
by  cutmg  bills  to  born  a  houae,  if  numet/  be  not  laid  m  a  certain  place, 
and  afW  do  bum  the  house,  tuch  borning  iholl  be  adjudged  high  trea- 
son." Beckman  laya  that  regulations  respecting  fires  were  iustiiiUted  in 
Frankfort  in  1460.  In  1468  straw  thatch  was  forbidden,  and  in  1474 
shingle  roofs  were  prohibited.  Tbe  first  general  order  respecting  fires  in 
Saxony  are  dated  1521,  those  for  Dresden  in  1S39,  and  there  is  one  res- 
pecting buildings  in  Augsburg,  dated  1447.  The  following  preamble  to  an 
act  passed  in  the  37th  year  oiHenry  VIII.  by  which  those  found  guilty  of 
the  crimes  enumerated,  were  to  suffer  "the  pains  of  death,"  is  interesting  in 
more  respects  than  one.  "  Where  divers  and  sundry  mahcious  and  envi> 
oua  persons,  bong  men  of  evil  perverse  dispositions,  and  seduced  by  the 
instigation  of  the  devil,  and  miiiding  the  hurt,  undoing  and  impoverish' 
ment  of  divers  of  the  kings  true  ana  faithful  subjects,  as  enemies  to  die 
commonwealth  of  this  realm,  and  as  no  true  and  obedient  subjects  unto 
the  kings  majesty,  of  their  malicious  and  wicked  minds,  have  of  late  in- 
vented  and  practised  a  new  damikahle  kind  of  vice,  displeasure  and 
danutifying  of  the  lungs  bne  subjects  and  the  commonwealth  of  this 
realm,  as  in  secret  buimng  of  frames  of  timber,  prepared  and  made  by  the 
ownen  thereof,  ready  to  be  set  up  and  edified  for  houses :  cutting  out  <^ 
heads  and  dams  of.  pools,  motes,  stews  and  several  waters :  cutting  of 
conduit-heads,  or  cotiduit^pipes  :  burning  of  wains  and  carts  loaden  with 
coals  or  other  goods  ;  burning  of  heaps  of  wood,  cut,  felled  and  prepared 
for  making  coals :  cutting  out  of  beasts  tongues :  cutting  ofi*  the  ears  of 
dte  kings  subjects ;  barking  of  apple  trees,  pear  trees,  and  other  fruit 
trees;  uid  diver*  other  like  kinds  of  misemble  offences,  to  the  great  dia- 
pleasure  of  Almigh^  God  and  of  the  kings  m^es^,"  &o.  (Suiutes  at 
large.) 

The  crime  of  arson  was  rife  in  old  Rome,  and  it  is  smgular  that  ih« 
mode  of  punishing  those  found  guilty  of  it,  is  among  the  mmierous  ancient 
customs  that  have  been  retained  by  Roman  Catholics  in  their  religious 
insumtions.  The  fmiica  materia  of  the  Romans  was  a  garment  made  of 
paper,  flax,  or  tow,  and  smeared  with  pitch,  bitumen  or  wax,  in  which 
incendiaries  were  bnmt;  and  hence  arose  die  pecidiar  dress  worn  by  the 
victims  in  those  horrible,  those  demoniacal  "  Acts  of  &ith  I"  die  AmU>  da 
Fe,  of  Italian,  Spanish,  and  Portuguese  inquisitians,  (to  which  the  scenes 
in  Smithfield  and  other  ports  of  England  may  be  added,)  acts,  in  which 
the  order  of  justice  was  completely  reversed-'^e  sufferers  being  the  imifr- 
cents,  and  the  court  and  judges  the  real  criminals. 
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CHAPTER    IX. 


dsKiibwl  bjTtaU—rntm  uftH 
■TbHi  nUbliiDOTdBiodBof  Hiipkiir- 


pREBsnRE  KNBuns,  named  by  the  French  MacAtita  H  eoloime  (Teow, 
Tonn  an  inteTearing  TsHety  of  hydraulic  devices  belonnng  to  the  present 
divnion  of  the  Butiject.  They  consist  of  working-  cylinders  with  valves 
and  pistons,  and  resemble  forcing  pumps  in  their  construction,  but  differ 
Trom  them  in  their  operation  ;  the  pistons  not  being  moved  by  any  exter- 
nal force  applied  to  them  through  cranks,  levers,  iBc.  but  by  the  weight 
or  pressure  of  a  column  of  water  acting  directly  upon  or  against  them. 
Pressure  engines  are  not  very  common,  because  they  are  only  appli* 
cable  to  particular  locations — such  as  afford  a  suitable  supplv  of  water  for 
the  motive  column ;  but  wherever  refuse,  impure,  salt  or  other  water  can 
be  obtained  from  a  sufEcient  elevation,  such  water  may  be  used  to  raise  a 
quantity  of  fresh  by  these  machinea. 

In  some  forms  pressure  engines  appear  rather  complicated,  but  when 
analysed,  the  principle  of  their  acOonuid  mode  of  operation  will  be  found 
extremely  simple  :■— If  two  buckets,  partly  filled  with  water,  he  suspend- 
ed and  l»lanced  at  the  ends  of  a  scale  beam,  and  a  stream  be  directed  into 
one  of  them,  that  one  will  preponderate,  and  consequently  the  other  with 
its  contents  will  be  raised,  and  to  a  height  equal  to  the  descent  of  the 
former;  but  when  it  is  required  to  raise  water  in  tins  manner  to  an  eleva- 
don  that  exceeds  the  distance  through  which  the  descending  vessel  can 
All ;  then  the  capacity  of  the  latter  is  enlarged,  and  it  is  suspended  nearer 
CO  the  fulcrum  or  centre  on -which  the  beam  turns,  as  in  the  gaining  and 
lonng  bucket,  page  66 : — It  is  virtually  the  same  principle  that  is  em- 
ployed in  pressure  engines ;  the  difference  is  principallv  in  the  manner  of 
penorming  the  operation.  Instead  of  vessels  suspended  as  above,  two 
solid  pistons,  moving  in  cylinders,  are  attached  by  rods  or  chains  to  the 
ends  of  a  beam,  or  to  the  ends  of  a  cord  passed  over  a  pulley,  so  that  the 
pressure  of  a  longer  or  heavier  column  of  water  resting  upon  one  piston 
forces  it  down,  and  thereby  raises  the  other  and  with  it  the  lighter  dr 
shorter  column  reposing  upon  it. 

By  referring  to  the  16ih  illustration  on  page  64,  it  will  be  apparent  that 
if  a  cylinder  extended  from  B  to  the  top  of  the  cistern  Z,  and  a  hollow 
[nston  like  the  upper  box  of  an  atmospheric  pump  fitted  to  work  in  it 
were  subsbtuted  for  the  bucket  B,  the  effect  produced  -would  be  much 
the  some  as  with  the  two  buckets,  for  the  same  quantity  of  water  could  be 
raised  through  the  cylinder  into  the  cistern  Z,  if  allowance  were  made  for 
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an  increass  of  friction  in  '&M  puinge  of  tho  piston.*  And  if  another  cylin- 
der extended  from  F  to  the  bottom  of  the  pit  at  0,  and  a  solid  piston  fit- 
ted to  it  were  uied  iDSte&d  oftlie  bucket  A,  with  a  contrivance  at  the  bot 
tom  to  allow  the  w^ter  to  escape  ;  the  apparatus  would  then  be  a  prea- 
anre  engine,  although  the  principle  of  the  motive  part  of  it  would  not  have 
been  nHentially  changed.  The  cylinders  in  this  example  would  periorm 
the  part  of  the  buckets  A  B;  thoy  might  be  considered  as  permanent  or 
fixed,  and  very  Ions  buckets  with  movable  bottomt,  t.  e.  the  pitlotu,  which 
by  ascending  and  descending  in  them  received  and  discharged  their  con- 
tents. And  as  with  the  buckets  A  and  B,  the  quantity  of  water  expended 
from  the  motive  or  descending  column  would  be  proportionate  to  the  di- 
mensions of  the  other  and  the  elevation  to  which  it  was  raised.  Pressure 
engines  may  therefore  be  considered  a  a  peculiar  modification  of  tho 
gaming  and  losing  bucket  machines,  and  aa  a.  combination  of  these  with 
umosphenc  and  forcing  pumps.  They  admit  of  various  forms  according 
to  the  location  in  which  Uiey  are  used  and  the  objects  to  be  accomplished 
by  thetn.  As  liquids  press  equally  in  all  directions,  the  cylinders  maybe 
placed  in  «ny  positioa— honcontal,  inclined,  or  verticaL  Sometimes  a 
pressure  engine  consists  of  a  single  cylinder  with  its  appropriate  pipes  and 
valves  tike  •  double  acting  pump.  The  water  to  be  raised  enters  at  ono 
aide  of  the  piston,  and  the  motive  column  at  the  other ;  but  more  com- 
nonly  a  disbnct  cylinder  atid  piston  receives  the  impulse  of  the  motire 
eolanin,  and  in  order  to  transmit  it  to  the  other,  the  two  pistons  are  some- 
times  connected  to  die  same  rod  as  in  No.  161 — at  other  times  to  oppo* 
«(te  ends  of  a  vibrating  beam  aa  in  No.  162 — so  that  while  one  cylinder 
«nd  its  apparatus  act  as  a  pump  to  raise  water,  the  other  is  exclusively- 
employed  R>  work  it.  In  this  respect  pressure  engines  may  be  considered' 
raner  as  devices  for  communicating  motion  to  machines  proper  for  rgosinK 
water,  than  as  the  latter,  and  they  are  sometimes  used  as  propellers,  efi 
other  machines,  but  in  whatever  light  they  may  be  viewed,  they  ore  too. 
interesting  to  be  omitted 

There  are  two  kinds  of  pressure  engines,  but  they  differ  from  each- 
other  only  in  that  part  which  receives  the  impulse  of  the  mottre  column 
and  transmits  it  to  tha  other.  In  one,  a  solid  body  (a  piston)  is  used  for  - 
that  purpose — in  the  other,  a  volume  of  air;  but  while  a  alight  variation  is 
thus  caused  in  the  two  machines,  the  essential  features,  as  'well  as  the 
moving  principle  of  both  remains  the  same.  Piston  pressure- engines  are- 
aaid  to  nave  h«en  invented  in  the  18th  centuiy  by  M.  ILxll,  sjGennsn  en-- 
j^eer,*"  It  is  more  probable  that  he  improved  them  only,  for  they  cer-- 
ttinly  were  known  much  earlier :  still  it  may  be  that  he  was  ignorant  of 
dieir  previous  use,  and  was  led  to  their  relnvendon  by  his  efforts  to  raise- 
water  from  the  Hungarian  mines,  in  which  he  erected  several  pressure- 
machines  on  die  principle  of  Heron's  fountain ;  the  transition  from  these 
to  the  other  was  ea^  and  natural,  and  may  have  resulted  from  his  endea- 
vours to  avffld  a  defect  to  which  die  farmer  are  subject,  viz  :  the  absorp- 
tion of  the  air  by  the  water.  About  A.  D.  1739,  an  improved  form  of 
preisure  engines  was  devised,  and  introduced  into  some  mines  in  France 
cy  Belidor,  which  he  has  described  in  his  Architecture  Hydrautique.  Some 
writers  have  considered  him  the  author  of  piston  pressure  engines,  but 

■  Pumps  in  caitaio  loeatioM  are  •amstimM  warkad  in  thai  manner :  the  nistoDi  or 
rods  bsing  loadad  with  wai^Us  suScient  to  depieM  dketn,  in  raised  by  a  bucket  dF 

j_j  — I 1  _(.  -■._  ■- j,m^  wiiich  when  it  leacbra  tbs  boNon  jl 

No.  16.  D  in  Na.  17.  or  Q  In  No.  im. 
VaiMr  Ssnlana.     HBchin»;  invent^  par 
a."    Arta  at  Hetieraa.    L'Art  d'aiploiUr 
LssHioM.    Folio  kL,  Psrii  1779,  paga  1449.    Ctoartoed.  ton.  ETiii,p.'131. 
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die  honor  of  first  invendDg  diam  u  not,  in  fact,  due  to  either  Belidor  or 
Hoell,  Kfl  the  following  figure,  No.  160,  from  a  work  pnbUahed  a  centnry 
before  either  of  those  engineers  flourished,  will  show.  It  is  from  Flndd's 
Natura  timia  mm  teehnka  tnaerveotmi,  467.  The  character  of  this  author 
M  an  astrologer  and  alchymiat,  and  that  of  his  works,  which  abound  with 
sbsurditieB,  have  probably  caused  the  figure  to  be  overlooked  by  modem 
writers  on  hydraulic  and  hydrostatic  apparatus.  Chemistry,  however,  is 
not  the  only  science  that  is  indebted  to  the  shrewd  hut  mistaken  seekers 
of  universal  panaceas  and  of  the  philosopher's  stone. 

The  lower  end  of  the  pipe  B  D  having  a  valve  opening  upwards,  is 
inserted  into  the  water  to  be  raised.  The  pipe  A  receives  the  descend- 
ing  or  motive  li<)iud  column,  which  in  this  esse  was  refuse  or  stagnant 
water,  flowing  from  a  source  of 
'  sufficient  altitude.  This  pipe 
'  may  he  at  a  considerable  dis- 
tance from  B  D,  and  is  so  repre- 
sented in  the  original  figure.  It 
terminates  below  ia  a  pit,  drain, 
or  low  ground,  whence  the  wa- 
ter discharged  from  it  may  es- 
cape. The  end  of  it  should  be 
lower  than  that  of  D,  and  should 
be  sealed  or  covered  by  water 
as  represented,  to  prevent  the 
entrance  of  air,  A  communica- 
tion is  made  between  both  these 
pipes  by  the  horizontal  one  C. 
This  last  is  connected  to  A  M 
one  of  the  apertures  of  a  three- 
Tray  cock,  the  upper  and  lower 
part  of  A  being  united  to  the 
odier  two.  The  other  end  of  C 
terminates  at  the  bottom  of  a 
woridng  cylinder,  which  is  closed 
at  the  top,  by  a  short  tube  com- 
municadngwithBD, immediate- 
ly below  a  valve  placed  in  the 
latter.  In  the  cylinder,  a  piston 
(indicated  by  the  dotted  lines) 
is  fitted.  It  is  described  as  a 
wooden  plug  covered  with  lea- 
ther and  loaded  with  lead,  so 
as  to  make  it  descend  in  the  ey- 
'  No.  1W.  -Pnon*  Eii|1h  (Vob  ritii.  A.  D.  lus.      linder  by  its  weight. 

To  put  this  machine  in  operation,  the  cylinder  and  pipe  D  are  fhst  filled 
with  water  through  the  funnel  and  small  cock,  after  which  the  latter  is 
closed.  The  plug  of  the  three-way  cock  is  then  so  arranged,  that  its  two 
oiifices  coincide  only  with  the  %pper  part  ot  A,  and  with  C,  when  the 
pressure  of  the  column  in  A  will  force  ap  the  piston,  and  with  it  all  the 
water  previously  in  the  cyhnder,  which  is  thus  compelled  to  ascend 
through  the  upper  valve  into  the  discharging  pipe  B.  When  this  has 
taken  place,  the  vessel  G-,  suspended  at  one  end  of  the  rod  that  passes 
■through  theshankof  the  plug,  has  become  filled  with  water,  from  the  small 
'jet  issuing  from  A,  and  descending,  Ivrnt  ike  jAvg  of  the  cock,  so  as  m 
'Close  the  eommiuucation  of  the  upper  part  of  A  widi  C,  and  open  it  be- 
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tween  C  and  the  lower  part  of  A,  upon  which  the  puton  deacenda  in  die 
cylinder  and  die  foul  water  in  C  escapes  through  die  lower  end  of  A  and 
rune  to  waste.  By  the  ume  die  piston  reaches  the  bottom  of  the  cylinder, 
the  latter  is  refilled  with  water  by  the  pressure  of  the  atmosphere, 
*  of  G  ' 


pump ;  and  the  contents  of  G  have  escaped  through  an  orifice 
in  its  bottom,  which  is  closed  by  a  valve — this  valve  being  opened  by 
a  projecdng  pin  upon  which  the  vesael  descended,  as  shown  in  the  figure- 
As  soon  as  Q  is  emptied,  the  weight  on  the  apposite  end  of  the  rod  prepon- 
derates, and  turns  the  plug  of  the  cock  into  its  former  posidon ;  and  thus 
the  play  of  the  machine  is  continued  without  intermission.  The  operadoa 


of  6Uing  the  cylinder  through  the  funnel,  is  recjnired  only  at  the  first,  like 
thepriming  of  a  new  pump. 

The  origin  of  this  machine  is  uncertain.  It  does  not  appear  to  have 
been  invented  by  Fludd  himself,  but  is  inserted  among  others,  which  he 
copied  from  older  authors  ;  and  such  ai  he  examined  abroad.  As  he  tr^ 
veled  in  Germany  and  has  described  some  of  the  hydraulic  machines 
nsed  in  the  mines  there,  (see  one  figured  on  page  219,)  it  is  probable  that 
he  derived  a  knowledge  of  it  in  that  country.  It  possesses  considerable 
interest — it  is  self  acting,  and  that  by  a  very  simple  device — it  shows  an  old 
applicadon  of  the  three-way  cock — it  exhibits  the  application  of  refuse  or 
putrid  water,  to  raise  fresh,  and  in  a  way  somewhat  similar  to  one  re- 
cently proposed— and  it  is  the  oldest  piston  pressure  engine  known. 

The  next  figure  from  Belidor,  shows  a  great  improvement  on  the  lasl^ 

■o  much  so,  that  in  some  respects  it  may  be  considered  a  new  machine. 

A,  conveys  the    descending 

column  from  its  source  to  die 

three-way  cock  F ;  to  one  of 

die  onemnEs  of  which  it  is 

unitea.     This   cock   is  ctm- 

sected,  at  another  opening, 

to  the  horizontal  cylinder  C, 

ivhose    axis    coincides    widi 

diatofa  smaller  one  D.  Both 

cylinders   are    of  the   svne 

length;  and  their  pistons  are 

I  attached  to  a  common  rod,  as 

represented.  Two  valves  are 

I  placed  in  the  ascending  pipe 

B — one    below,    the    other 

ll«iei.riMMnZa|tHfrMiMklor.  s.n.im.         above  its  juncdon  with  the 

cylinder  D.     The  horizontal 

pipe  H  connects  B  and  D  with  the  third  opemng  of  the  cock.  By  tumiiu^ 

die  plug  of  this  cock,  a  communication  is  opened  alternately  between  each 

cylinder  and  the  water  in  A.     Thus  when  the  w«ter  rushes  into  C,  it 


drives  die  piston  before  it  to  the  extrem!^  of  the  cylinder,  and  conse- 
quently the  water  that  was  previously  in  D  is  forced  up  the  ascending 
pipe  B  ;  then  the  communicadon  between  A  and  C  is  cut  off,  (by  turn- 
ing the  cock)  and  that  betvireen  A  and  D  is  opened,  when  the  pisCom 
are  moved  back  towards  F  by  the  pressure  of  the  column  against  the 
■mailer  piston— ^e  water  previously  in  C  escaping  through  an  opening 
shown  in  front  of  die  cock  and  mns  to  waste,  while  that  which  enters  D 
is  necessarily  forced  up  B  at  the  next  stroke  of  the  pistons.  The  cock 
was  opened  and  closed  by  levers,  connected  to  the  middle  of  the  piston 
rod,  and  was  thtu  worked  by  the  machine  itself.  By  die  air  ohuaber^ 
dte  discharge  from  B  ii  rendered  continuous. 

i:.q,t.-e.-:.:-,C00»^lc 
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Suppose  the  water  id  A  hiu  a  perpemlicular  loll  of  tliirtf-foar  or  Uiir^- 
five  feet,  and  it  were  required  to  raise  a  portion  of  it  to  an  elevation  of 
seventy  feet  above  F ;  it  will  be  apparent  that  if  both  pistons  were  of 
the  SBipe  diameter,  such  an  object  could  not  be  accomplished  by  this  ma' 
chine — for  both  cyUnders  would  virtually  be  but  one — and  so  would  the 

Eistons ;  and  the  pressure  of  the  column  on  both  sides  of  the  latter  would 
B  equal.  A  column  of  water  thirty-five  feet  high  presses  on  the  base  that 
sustains  it  with  a  force  of  151bs.  on  every  superficial  Inch ;  and  one  of 
seventy  feet  high,  with  a  force  of  SOlbs.  on  every  inch — hence  without  re- 
garding the  friction  to  be  overcome,  which  arises  from  the  rubbing  of  the 
pistons;  from  the  passage  of  the  water  through  the  pipes:  and  from  the  ne- 
cessary apparatus  to  render  the  machine  self-actinE — it  is  obvious  in  the  case 
supposed  that  the  area  of  the  piston  in  C  must  be  more  than  double  that 
in  D,  or  no  water  could  be  discharged  through  B.  Thus  in  all  cases,  the 
relative  proportion  between  the  area  of  the  pistons,  or  diameter  of  the  cy- 
linders, must  be  determined  by  the  difference  between  the  perpendicular 
height  of  the  two  columns.  When  the  descending  one  passes  through  a 
perpendicular  space,  greatly  exceeding  that  of  the  ascending  one,  then 
the  cylinder  of  tbe  latter  may  be  larger  than  that  of  the  former :  a  smaller 
quantity  of  water  in  this  case  raising  a  larger  one :  it,  however,  descends 
hke  a  smalt  weight  at  the  long  end  of  a  lever,  through  a  ereater  space. 

In  17G9  the  London  Society  of  Arts,  awarded  to  Mr.  Westgmrth  a  pre- 
mium of  fifty  guineas,  for  his  invention  of  a  pressure  engme.  It  is  des- 
cribed by  the  celebrated  Smeaton,  in  vol.  v,  of  their  Transactions,  as  "ona 
of  the  greatest  strokes  of  art  in  the  hydraulic  way,  that  has  appeared  since 
the  invention  of  the  fire  [steam]  ens^e."  Several  were  erected  by 
Mr.  W.  in  1765,  to  raise  water  from  lead  mines  in  the  north  of  Eng- 
land. They  were  simple  in  their  construction,  and  somewhat  resembled 
the  engines  of  Newcomen.  They  differed  from  those  of  Belidor  in  the 
position  of  the  oylinder ;  the  introductian  of  a  beam;  thfe  substitution  of 
cylindrical  valves  in  the  place  of  cocks  ;  and  using  the  modve  column  to 
move  the  piston  in  one  direction  only.  The  cylinder  of  Westgarth's  en- 
gine was  placed  in  a  vertical  position,  the  piston  rod  of  which  was  sus- 
pended by  a  chun  from  the  arcned  end  of  a  "  walking"  or  vibrating  beam ; 
while  the  other  end  of  the  latter,  projected  over  the  month  of  the  mine  or 
pit,  and  was  connected  {by  a  chain)  to  the  rod  of  an  atmo»pheric  pump 
placed  in  the  piL  This  rod  was  loaded  as  in  Newcomen's  engine,  so  as 
to  descend  by  its  weight  and  thereby  raise  the  piston  of  the  pressure  en- 

S'ne  when  the  column  of  water  was  not  acting  on  the  latter.  Thns,  when 
e  motive  column  of  water  was  admitted  into  the  cylinder,  the  piston 
■wax  depressed,  and  the  end  of  the  beam  also,  to  which  it  was  connected  ; 
consequently  the  pump  rod  and  its  sucker  were  raised,  and  with  them 
water  from  the  mme.  Then  as  soon  as  the  jnston  reached  the  bottom  of 
the  cylinder,  the  motive  column  was  cut  on,  by  closing  a  valve  ;  and  a 
passage  made  for  the  escape  of  that  within  me  cylinder,  by  opening 
another — upon  which  the  loaded  pump  rod  again  preponderated — the 
valve  to  admit  the  colunm  on  the  piston  of  the  preyure  engine  w^s  again 
opened,  and  the  oper&tion  repeated  as  before. 

In  another  form  Uiese  machines  have  been  adopted,  in  favorable  looa> 
tions,  as  first  movers  of  machinery,  and  when  thus  used,  they  exhibit  a 
very  striking  resemblance  to  high  pressure  steatn-engines.  Indeed,  the 
elemental  {eatures  of  steam  and  pressure  engines  ere  the  same,  and  the 
modes  of  employing  the  motive  agents  in  both  are  identical — it  is  the  dif- 
*  It  properties  of  the  af^nts  that  induces  a  slight  vtuiadon  in  the  ina- 
e  being  ui  elastic  fluid,  the  other  a  non-elastic  liquid.  In  steaio- 
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engines  a  pisUin  is  dternuel^  pushed  up  and  down  in  its  cylinder  by 
steam  j  and  by  means  of  the  rod  to  which  the  piston  is  secured,  motion  is 
ted  to  a  cranlc  and  fly-wheel,  and  through  these  to  the  machi- 


nery to  be  propelled  ;  it  is  die  sanie  with  pressure  engines  when  used  to 
move  other  machines,  except  that  instead  of  the  elastic  vapor  of  water,  & 
column  of  that  liquid  drives  the  pistons  to  and  fro,  as  will  be  perceived 
by  an  examination  of  the  following  figure. 


N<.1K.    lf«tlT«Pn«nEB|tH. 

E  represents  the  lower  part  of  the  pipe  which  conveys  the  water  down 
from  its  source  into  the  air  chamber  C,  from  the  lower  part  of  which  it 
passes  throo^h  a  short  tube  and  stop  cock  into  the  valve  case,  or  "side 
pipe"  D.      This  pipe  is  parallel  with  the  working  cylinder  of  the  engine 

A,  and  rather  longer  ;  it  communicates  with  A  through  two  passages  for    ^ 
the  admission  of  the  wftter  to  act  upon  both  sides  of  the  piston.    The  ends 

of  D  are  closed  by  stuffing  boxes,  through  which  a  rod  in  the  direction  of 
its  axis  is  made  to  slide,  and  upon  this  rod  are  secured  two  plugs,  shown 
in  the  cut,  that  fill  the  interior  of  the  pipe  like  pistons,  and  as  the  rod  ia 
raised  or  lowered,  alternately  open  and  close  the  paasages  into  the  cylin- 
der. Suppose  the  position  of  the  various  parts  of  the  engine  as  indicated 
in  the  figure,  and  the  stop-cock  in  the  short  tube  that  connects  the  "  side 
pipe"  to  the  air  vessel  be  opened,  the  water  would  then  rush  into  the 
upper  part  of  the  cylinder  A,  aa  shown  by  the  arrows,  and  by  its  statical 
presaure  force  down  the  piston  ;  while  any  water  previonsW  below  tho 
piston  would  escape  through  the  lower  passage  into  the  side  pipe  (be- 
neath the  plug)  and  run  off  to  waste  ihroueh  the  tube  B,  marked  by  dot- 
ted lines,  and  the  circular  orifices  of  which  are  also  figured.  When  the 
piston  has  reached  the  bottom  of  the  cyUnder,  the  rod  to  which  the  plugs 
are  attached  is  drawn  down,  so  as  to  close  the  upper  passage  and  open 
the  lower  one,  upon  which  the  water  enters  through  the  tatter  and 
drives  up  the  piston  as  before,  the  previous  contents  of  the  cylinder  being 
forced  through  the  circular  orifice  m  the  upper  part  of  the  side  pipe  into 

B.  In  this  manner  the  operation  is  continued  and  motion  imparted  to  cha 
beam,  crank  and  fly-wheel.    The  apparatus  for  moving  the  rod  that  opena 
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and  clous  the jmmwm  inM  the  cylinder  ii  uialogoiu  to  that  of  stevn  en- 
giaes,  being  enected  by  an  eccentric  on  the  crank  ahafl.  It  is  omitted 
lu  the  cut,  that  the  ewendal  features  of  tha  machine  might  appear  more 
conspicuous. 

It  u  obvious  that  enginei  of  this  kind  may  be  employed  to  impart  mo- 
tion to  pumps  or  any  other  machineiy.  The  intensity  of  the  force  trans- 
mitted oy  them  depends  upon  the  perpendicular  height  of  the  motive 
column  and  the  area  of  the  piston.  The  use  of  the  air  vessel  is,  as  in  the 
hydraulic  ram  and  other  machines,  to  break  the  force  of  the  blow  or  con- 
cussion consequent  on  the  sudden  stoppage  of  the  descending  column  by 
closing  the  passages.  Wherever  the  waste  pipe  B  can  descend  ihirW- 
five  or  thirty-six  feet,  the  engine  may  derive  an  additional  power  from  the 
vaewim  thus  kept  up  behind  the  piston,  as  in  low-pressure  steam-enginag. 
The  applicauon  oi  this  feature  to  pressure  engines  was  included  m  an 
English  patent  granted  to  John  Luddock  in  February  1799.  (Repertory 
of  ArU,  vol.  xi,  page  73.) 

The  invention  of  pressure  engines  brought  to  light  a  new  mode  of  em- 
ploying water  as  a  motive  agent ;  and  also  the  means  of  applying  it  in 
locations  where  it  could  not  otherwise  be  used.  When  water  moves  an 
rnider  or  overshot  wheel,  the  machinery  to  be  propelled  must  be  placed 
in  the  immediate  vicinity — hence  saw,  grist,  and  fulling  mills.  Sec  are 
erected  where  the  falling  liquid  flows ;  and  when  steam  is  the  moving 
force,  the  engines  are  located  where  the  fluid  is  generated ;  but  with  pres- 
sure engines  it  is  different,  for  the  motive  agent  may  be  taken  to  the  ma- 
chine itself.  In  valleys  or  low  lands,  having  no  natural  fall  of  water,  but 
where  that  liouid  can  oe  conveyed  in  tubes  from  a  sufficient  elevation,  (no 
matter  how  distant  the  eource  may  be,]  such  water,  by  these  machines, 
may  be  made  to  propel  others.  And  by  means  of  diem  the  small  lakes 
often  found  on  mountains,  and  water  drawn  from  the  heads  <^  falls  and 
rapids,  may  furnish  power  for  numerous  operations  in  neighboring  plains. 
When  cities  are  suppUed  frvm  elevated  sources,  an  additional  revenue 
might  be  derived  from  the  force  with  which  the  liquid  issues  from  the 
tubes  :  the  occupant  of  a  house  into  which  a  lateral  pipe  from  the  mains 
k  conveyed,  might  connect  the  pipe  to  a  pressure  engine,  and  thereby 
impart  motion  to  lathes,  or  printing  presses ;  raise  end  lower  goods  on  dif- 
ferent stories  ;  press  cotton,  paper,  books,  &c.  as  by  a  steam-engine.  But 
unlike  the  machine  just  named,  a  pressure  engine  is  inexpensive,  and  aiin- 
ple  in  its  construction — it  requires  neither  cmimneys,  furnaces,  nor  loada 
of  fuel;  neither  firemen  nor  engineers,  nor  is  there  any  danger  of  explo- 
sions. It  may  be  placed  in  the  comer  of  a  room,  or  be  concealed  miaer 
a  counter  or  a  table.  It  may  be  set  in  operation  in  a  moment,  by  opemng 
a  cock,  and  the  instant  the  work  is  done,  it  may  be  stopped  by  shutdng 
the  same,  and  thus  prevent  the  least  waste  of  power — and  when  the  work 
is  accomplished,  the  water  can  be  used  for  all  ordinary  purposes  as  if  just 
drawn  from  the  mains,  for  the  engine  might  be  considered  as  merely  a 
continuation  of  the  laterd  tube. 

Pressure  engines  afford  another  illustration  of  the  variety  of  purposes 
to  which  a  puton  and  cylinder  may  be  applied.  These  were  probably  first 
used  in  piston  bellows  ;  next  in  the  syringe  ;  subeequendy  in  pumps  of 
every  variety ;  and  then  in  pressure  and  steam-engines.  The  moving 
piston  is  the  nucleus  or  elemental  port  that  gives  efliciency  to  tbem  all ;  ana 
the  apparatus  that  surround  it  in  some  of  them,  are  but  its  appencUges. 
To  what  extent  it  is  destined  to  be  employed  when  steam  becomes  super- 
seded by  other  fluids,  time  only  can  reveal ;  hot  if  we  may  judge  of  the 
future  by  the  past,  this  simple  device  will  perform  greater  wonders  in  the 
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world  than  it  Ku  yet  aaoomplialwd.  It  is  b;  it  only  that  the  energy  of 
elsatic  fluids  can  be  ecouomicaJly  employed. 

Those  ingenious  men  who  fixst  constructed  a  bellows,  b.  syiinge,  or  a 
pump,  little  thought  that  simikr  implements  should  become  lelf-ocdng,  uid 
even  be  motive  engines  to  drive  othen.  What  weuy  laborer  at  iha 
pump  in  ancient  Greece  or  Rome,  ever  dreamt,  while  indulging  in  those 
reveries  that  die  mind  coiyurea  ap  to  divert  attention  from  toil  or  pain, 
that  a  machine  similar  to  the  one  upon  which  his  strength  was  expended, 
abould  be  devised  to  work  withoat  hunum  aid  : — and  that  a  modification 
of  it,  excited  by  the  vapor  of  a  boiling  cauldron,  should  exert  a  foroe 
compared  with  which  the  power  of  the  Titans  was  impotence — a  force 
diat  should  diive  fleets  of  galliet  through  a  storm — hurl  missiles  like  the 
balistffi — propel  chariots  "  without  horses" — polish  a  mirror — forge  a 
hatchet,  a.  tripod  or  a  vase — and  spin  thread  and  weave  it  into  veils,  fine 
as  those  worn  by  the  vestal  virgins — and  yet  should  never  lire  !  Could 
the  imaginationi  of  the  depressed  plebeians  and  slaves  of  antiquity  have 
had  a  glimpse  of  such  a  machine,  and  had  they  been  informed  that  it 
would  in  some  future  time,  which  the  oracles  had  not  revealed,  he  gene- 
rally employed — how  vehemendy  would  they  have  importuned  the  goda 
to  send  it  in  their  days  I  And  why  did  they  not  have  iti  Because  the 
useful  arts  were  neglected  and  their  professors  despised — while  those 
professions  the  most  destructive  of  human  felicity  were  cultivated.  War 
was  accounted  honorable,  and  hence  nations  were  incessantly  engaged  in 
conKctB  with  each  other — a  militaiy  spirit  pervaded  the  minds  of  the 
people,  and  it  rewarded  them  by  souunf  every  land  with  their  blood. 

The  history  of  machines  composed  of  pistons  and  cylinders  also  illus- 
trates the  process  by  which  some  simple  inventions  have  become  applied 
to  purposes,  foreign  to  those  for  which  they  were  originallv  designed— 
eacn  applicadon  opening  the  way  for  a  different  one.  In  this  manner  de- 
vices apparently  m^gnificant  have  eventually  become  of  the  utmost  value, 
and  it  u  probable  that  there  is  no  mechanic^  combination  or  device,  how- 
aver  useless  it  may  now  ^pear,  but  which  will  be  thus  brought  into  play. 
These  machines  also  teach  us  how  new  discoveries  are  made  in  the  arts, 
viz :  by  o&tervuig  eomnum  ratUtt,  and  applying  the  princi^ea  or  processes 
by  which  they  are  induced,  to  other  nbjects  or  designs.  Every  mechani- 
cal movement  and  manufacture — an  unsuccessful  experiment--defecls  or 
derangements  of  ordinary  machines,  &c.  are  all  practical  demonstmdona 
that  indicate  the  means  to  produce  analogous  effects,  or  to  avoid  them, 
Fulton  employed  steam-engines  to  turn  paddle  wheel» — Eli  Whim^ 
adopted  circidar  saws  as  cotton  jpna ;  ana  both  became  benefactors  of 
their  country — a  poor  barber  in  England,  ai^r  exercinng  his  ingenuity 
on  the  pentetual  motion,  applied  some  of  his  devices  to  cotton  spinning, 
and  not  only  became  one  of  the  most  opulent  of  manuiacturen,  but  secured 
a  place  in  die  biography  of  eminently  useful  men. 

Nearly  all  modem  improvements  and  invendons  have  been  brought 
about  in  a  somewhat  similar  manner,  and  there  are  few  but  what  might 
have  been  andcipated  by  attendon  to  every-day  facts.  Suppose  pressure 
engines  had  not  yet  been  known :  they  mi^t  be  developed  by  reflecting 
on  a  very  common  circumstaaee  connected  with  ordinary  pumps.  When 
one  of  these  no  longer  retains  water  in  the  cylinder  and  trunk,  it  is  neces- 
sary to  prince  it,  by  pnurii^  in  a  quandty  sufficient  to  fill  the  space  in 
which  the  sucker  moves :  this  water  resting  upon  the  latter  presses  it  down, 
and  consequently  raises  the  lever  or  pump  handle,  which  again  descends  as 
soon  as  the  water  escapes  below  ;  thus  iUustradng  the  principle  by  which 
pressure  sugaaa  act-^ho  lever  being  moved  by  the  water  instead  of  the 
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water  by  it  How  many  ages  have  elapwd,  and  Iiow  many  millions  of 
people  have  witneBsed  Uiis  operadou,  without  a  ujeful  idea  having  been 
denved  from  hi  And  without  any  one  thinking  that  valuable  Icssoiu  in 
flcience  might  be  learnt  from  a  disordered  pump,  or  from  the  irregular 
movements  of  a  pump  handle  T  Those  observing  minds,  however,  that 
are  constantiv  on  the  alert  for  facta — like  bees  incessantly  on  the  wine  for 
honey — would  not  now  suffer  even  such  an  occurrence  to  pass  nnnoticedi 
nor  would  they  hesitate  to  consider  those  unpleasant  knocks  which 
hundreds  of  people  (and  the  writer  among  them)  have  occasionally  expa- 
rienced  from  the  unexpected  descent  of  a  heavy  pump  handle  on  their 
persons,  and  in  some  instances  more  unpleasant  ones  froni  its  sudden  ac- 
cent— as  admonidons  to  turn  the  expenment  to  a<lvantage.  The  simple 
rise  of  water  which  his  body  displaced  in  a  bathing  tub,  was  seized  in  a 
twinkling  by  the  mathematician  of  Syracuse  to  solve  a  new  and  difBcnh 
problem  ;  yet  the  same  thing  had  been  previously  witnessed  for  thousands 
of  years,  but  no  one  ever  thought  of  applying  the  result  to  any  such 
purpose. 

It  perhaps  may  be  a  quesdon  whether  the  machines  already  described 
in  this  chapter  were  known  to  the  engineers  of  andquity,  but  there  is  no 
room  to  doubt  their  acquaintance  with  another  variety  of  pressure  engines, 
since  we  have  obtained  a  knowledge  of  them  from  the  Spiritalia  of  Heron, 
whose  name  they  sdll  bear.  It  is  obvious  that  a  liquid  may  be  forced  out 
of  a  vessel  by  pressing  into  the  latter  any  other  substance,  no  matter  what 
the  nature  of  it  may  be,  whether  solid  or  fluid,  liquid  or  aeriform:  thus, 
die  solid  plunger  or  piston  of  a  pump  does  not  more  effectually  expel  the 
contents  of  the  cylinder  in  which  it  moves,  than  the  elastic  fluid  in  a  soda 
Ibuntain  drives  out  the  aerated  water  ;  hence,  if  air  be  urged  by  the  pres- 
aure  of  a  liquid  column,  or  by  any  other  force,  to  occupy  the  interior  of  a 
vessel  containing  water,  the  liquid  may  be  raised  through  a  tube  to  an 
elevadon  equal  to  the  force  that  moves  it ;  the  air  in  this  case  performing 
the  part  of  pistons  in  the  pressure  engines  already  described  ;  and  its  ef- 
fects are  greater  than  can  be  produced  by  solid  pistons,  for  the  fricdon  of 
these  consumes  a  coiuiderable  pordon  of  the  motive  force,  so  that  a  co- 
lumn of  water  raised  by  them  can  never  equal  the  one  that  raises  it; 
whereas  air,  from  its  extreme  mobility,  receives  and  transmits  the  momen- 
tum of  the  modve  column  undiminished  to  the  other. 

The  fountain  of  Heron  is  the  oldest  pressure  en^ne  known,  and  in  it  a 
volume  of  air  is  used  as  a  subsdtute  for  a  piston.  It  is  not  certain  that  it 
was  invented  by  him,  for  it  may  have  been  an  old  device  in  his  time, 
and  one  which  he  thought  worthy  of  preservation,  or  of  lieing  made  more 
extensively  known,  and  therefore  inserted  an  account  of  it  in  his  book. 
See  No.  163.  The  two  vessels  A  B,  of  any  shape,  are  made  air  dght. 
The  top  of  the  upper  one  is  formed  into  a  dish  or  basin  ;  in  the  centre  of 
which  the  jet  pipe  is  inserted,  its  lower  end  extending  to  near  the  bottom 
of  A  :  a  pipe  G,  whose  upper  orifice  is  soldered  to  the  basin  extends 
.down  to  near  the  bottom  of  the  lower  vessel,  either  passing  through  the 
top  of  B,  as  in  the  figure,  or  inserted  at  the  aide.  Another  pipe  D  is  con- 
nected to  the  top  of  B,  and  condnued  to  the  upper  part  of  A.  This  pipe 
conducts  the  air  from  B  to  A.  Now  suppose  the  vessel  A  filled  with 
water,  through  an  aperture  made  for  the  purpose,  and  which  is  then 
.closed ;  the  object  is  to  make  this  water  ascend  through  the  jet,  and  it  h 
accomplished  dius; — water  is  poured  into  the  basin,  and  of  course  it  runs 
down  the  pipe  C  into  B ;  and  as  it  rises  in  the  latter,  the  air  within  is  ne- 
-cessartly  compressed,  and  having  no  way  to  escape  but  up  the  pipe  D,  it 
•wcandi  into  the  upper  part  of  A,  where  being  pressed  on  the  surface  of 
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die  wuer,  the  latter  it  eompelled  to  ascend  through  die  jet  pipe,  u  slioini 
in  the  cut.  The  waler  thus  forced  out,  folia  back  into  die  basin,  and  ran- 
mug  down  C  into  B  continues  the  play  of  tbe  machine,  until  all  the  water 
in  A  is  expended.  The  elevation  to  which  v  '     * 
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W  C^am  through  the  jeL  Such  la  not  the  fact;  were  it  so, 
this  machine  would  be  a  perpetual  motion,  or  something 
very  like  one.  Some  persona  beguiled  by  tbe  apparent 
possibility  of  inducing  it  to  ascend,  have  attempted  uie  so- 
luDon  of^that  problem  by  a  similar  apparatus.  We  may 
as  well  confess  that  in  our  youth  we  were  of  the  number. 
The  younger  Pliny  seems  to  have  fallen  into  the  sams 
mistaJte  respecting  a  fountain  belonging  to  his  country  seaL 

Portable  fountains  of  this  kind  might  be  adopted  as  ap- 
propnate  appendages  to  flower  gardens,  and  even  drawinK 
rooms.  The  pipes  might  be  concealed  within,  or  modeled 
into  a  handsome  column,  whose  pedestal  formed  the  lower 
vessel,  while  the  upper  end  assumed  the  figure  of  a  vase. 
Such  an  addition  to  the  furniture  of  an  apartment  would 
be  a  useful  acquisition  at  those  seasons  when  the  atmoa- 
phere,  glowing  like  the  air  of  an  oven,  scorches  our  bodies 
during  the  day,  and  iti  the  evening  we  gasp  in  vain  for  tbs 

J  cooling  breeze  ;  at  such  times  a  minute  stream  of  water 
spouting  and  sparkling  in  a  room  would  soon  allay  the 
'  heat  and  invigorate  our  drooping  spirits — imparting  the 
refreshing  coolness  of  autumn  amid  tbe  burning  heats  of 
summer;  ondiftbeliquid  were  perfumed  with  attar  of  roses, 
"*■  {S,.?!™'*  or  oil  of  lavender,  we  might  realize  the  most  innocent  and 
delicious  of  oriental  luxunes.  The  play  of  such  a  fountain 
might  be  continued  for  two  or  diree  hours  at  a  time,  for  the  size  of  tha 
stream  need  hardly  exceed  that  of  a  thread,  and  by  a  alight  modification, 
the  jet  could  be  renewed  as  often  as  the  upper  vesael  was  emptied,  by 
simply  inverting  the  machine  r  or,  the  whole  might  be  arranged  without, 
except  the  sjutaee  and  the  vase  in  which  the  jet  played.  (See  remarks 
on  fountuns  in  tbe  fiflh  book.) 

Tbis  fountain  bos  been  named  a  toy,  but  it  is  by  such  toys  that  impor- 
tant discoveries  have  been  mode  in  every  age.  It  is  clearly  no  rude  or 
imperfect  device  :  not  a  first  thought ;  on  the  contrary,  it  bears  the  evi- 
dence of  a  matured  machine,  andof  being  the  result  of  a  familiar  acquaint- 
ance with  tbe  principles  upon  which  its  action  depends.  Unlike  older 
hydraulic  machines,  it  requires  no  distinct  vessel  within  which  to  raise  a 
a  liquid ;  nor  does  it  resemble  pumps,  since  neither  cylinders,  suckers, 
valves  or  levers  are  required,  nor  any  external  force  to  keep  it  in  motion. 
Its  invention  may  be  considered  as  having  opened  a  new  era  in  the  his- 
toid of  machines  for  raising  water,  for  it  is  susceptible  of  an  almost  endless 
variety  of  modifications,  uid  of  being  applied  to  a  great  number  of  pur- 
poses. To  understand  this  it  is  only  necessary  to  bear  in  mind  that  tbe 
relative  position  of  the  two  columns  is  immaterial  ;  they  may  be  a  mile 
distant  from  each  other,  or  they  may  be  nearly  together.  Tne  one  that 
raises  the  other  may  be  above,  below,  or  on  a  level  with  tbe  latter ;  botb 
nay  be  conveyed  in  pipes  along  or  under  the  surface  of  the  ground,  and 
in  any  direction :  the  only  condition  required  is,  that  the  perpendicular 
4« 
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dtatonca  between  the  upper  and  lower  orifices  of  die  pipe  in  wkidi  the 
motive  column  flows,  eb^  bo  equal  to  tbe  force  requirea  to  raise  the  other 
to  the  proposed  elevation. 

A  pressure  engine  on  the  piinciple  of  Heron's  fountain,  erected  by  M. 
Hoell  in  1756,  to  raise  water  tram  one  of  the  mines  in  Hungary,  has  long 
been  celebrated.  In  the  vieiniw  of  one  of  the  shoits  at  ChemmCf ,  there  ii 
a  hill  upon  which  is  a  spring  of  water,  one  hundred  and  forty  feet  above 
the  mouth  of  the  shaft.  This  spring  fumishea  more  water  than  that  which 
rises  at  the  bottom  of  the  mine,  which  is  one  hundred  and  four  feet  below 
the  mouth  of  the  shaft.  The  water  in  the  mine  is  raised  by  means  of  tbM 
on  the  hill  by  an  apparatus  similar  to  the  one  figured  in  the  annexed  cut. 

A  represents  a  strong  ctntper  vessel  eight  feet  and  a  half  high,  five  feet 
diameter,  and  two  inches  tnick.  A  large  cock  marked  3  is  inserted  near 
the  bottom,  and  a  smaller  one  2  near  the  top. 
From  this  vessel  a  pipe  D,  two  Inches  in  dia- 
meter, reaches  down  and  is  connected  to 
the  top  of  the  vessel  B  at  the  bottom  of  the 
■haft.  This  vessel  is  smaller  than  the  upper 
one,  bebg  six  feet  and  a  half  high,  four  feet 
diameter,  and  two  inches  thick,  and  of  the 
same  material  as  the  other.  A  pipe  E,  four 
inches  diameter,  rises  from  near  the  bottom 
of  B  to  the  surface  of  the  ground,  where  it 
discharges  the  water.  The  pipe  C  conveys 
the  water  from  the  spring  on  me  hill ;  it  ia 
also  four  inches  diameter,  and  descends  to 
near  the  bottom  of  A.  It  is  furnished  with  a 
cock  1.  Water  is  admitted  into  B  through  a 
cock  4,  or  a  valve  opening  inwards,  which 
closes  when  B  is  filled.  The  vessel  A  is  sup- 
posed to  be  empty,  or  rather  filled  with  air, 
and  its  two  cocks  shut.  The  cock  1  is  then 
opened,  when  the  water  rushing  into  A  con- 
denses the  air  within  it  and  tne  pipe  D, 
and  this  air  pressing  on  the  water  in  B, 
forces  it  up  the  pipe  E.  As  soon  as  it  ceases 
to  flow  through  E,  the  cock  1  is  shut  and  2 
and  3  ore  opened,  when  the  water  in  A  is 
discharged  at  3.  The  cock  or  valve  at  the 
bottom  of  B  is  opened,  and  the  water  entering 
Cbgnuln.  drives  the  air  up  D  into  A  where  it  escapes 

U  2.     The  operation  is  then  repeated  as  before. 

If,  when  water  ceases  to  run  at  E,  the  cock  S  be  opened,  both  water 
and  air  rush  out  of  it  together,  and  with  such  violence  that  the  litjuid  is, 
by  the  generadon  of  cold  consequent  on  the  sudden  expansion  of  the  con- 
densed air,  converted  into  hail  or  pellets  of  ice.  This  fact  is  generally 
shown  to  strangers,  who  are  usually  invited  to  hold  their  Ao^  in  front  of  the 
cock  80  a^  to  receive  the  blast;  when  the  hail  issues  widi  such  violence, 
as  frequently  to  pierce  the  hats,  like  pistol  bullets.  This  mode  of  pro- 
ducing ice  was  known  to  the  marquis  of  Worcester,  who  refers  to  it  in  the 
eighteenth  proposition  of  bisCentury  of  Inventions,  relating  to  an  "  artifi- 
cial fountain,  holding  great  quantity  of  water,  awi  of  force  jv^cient  to 
make  snow,  ice,  and  thunder."  Some  additions  to  the  machine  at  Chem- 
nitz, by  which  it  might  be  rendered  self-acting,  were  proposed  in  1796. 
They  consisted  of  small  vessels  suspended  from  levers  uiat  were  secured 
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to  the  ihanka  of  the  coakj,  which  they  opened  and  akut  in  the  sanie  muf 
ner  aa  ihown  in  No.  160.  A  similar  contrivance  tDa.y  be  ceen  in  Rereral 
old  authors — it  is  in  the  SpiritsJia:  Decans,  Fludd,  Moxon  and  Switier 
have  all  G^ven  figures  of  it  The  tjnanti^  of  water  raised  from  the  shaft 
compared  with  that  expended  front  the  spring  was  as  42  to  100. 

By  arranging  a  teries  of  vessels  above  eftch  other  and  connecting  them 
by  pipes  as  in  No.  163,  water  may  be  raised  to  almost  any  height,  in  lo- 
cations that  have  the  advantage  of  a  Bmall  fall.  The  dist&nce  between 
the  vessels  not  exceeding  tbe  perpendioular  descent  of  the  motive  column, 
which  last  is  made  to  transmit  its  force  to  each  vessel  in  succession — forc- 
ing tbe  contents  of  one  into  tbe  next  above,  and  so  on.  Such  a  machin* 
is  interesting  bs  showing  the  extent  to  which  the  principle  of  Heron'* 
fountain  may  be  appUed,  but  for  practical  purposes  it  is  of  little  value.  It 
is  too  complex  (if  made  self-acting)  end  too  expensive  for  common  use ; 
and  it  is  far  inferior  to  tbe  water  ram.  It  was  described  by  Dr.  Darwin, 
in  bis  Pkytalogia,  to  which  modem  writers  generally  refer,  but  it  is  an 
old  affair.  It  is  figured  by  Moxon  in  his  "  Mechanick  Powers,"  Lon.  1696, 
and  is  mendoned  by  older  authors.  It  is  substantisillv  the  same  u  the 
double  fountain  of  Heron,  as  found  in  the  Spiritaliaand  tbe  works  of  mon 
writers  on  hydraulics. 

By  far  tbe  most  novel  Bsd  interesting  modification  of  Heron's  fountain 
was  devised  in  the  jrear  1746  by  R.  A.  Wirtz,  a  Swiss  pewterer  or  dor 
plate  worker  of  Zurich.  It  is  sometimes  named  a  spiral  pump,  and  waa 
made  to  raise  water  for  a  dve  house  in  the  vicini^  of  that  city.  What  tli« 
circurosbncet  were  that  led  Wirtx  to  its  invention  we  are  not  informed — 
whether  it  was  suggested  by  some  incident,  or  was  tbe  result  of  reasoning 
tlone.  It  is  represented  m  the  illustrations  Nos.  165  and  166,  tbe  firat 
bein^  a  Motion  and  the  latter  an  external  view. 


HikiaS.    atettaaarWliti^Paif.  Nblsa.    Ti«r  sf  WitU'i Panp. 

Wirtz's  machine  consists  either  of  a  helical  or  a  spiral  pipe.  As  the 
former  it  is  coiled  round  in  one  plane  as  A  B  C  D  E  F  in  No.  16S.  M 
a  spiral  it  is  arranged  round  the  circumference  of  a  cone  or  cylinder,  and 
then  resembles  the  worm  of  a  still.  The  interior  end  at  6  is  united  by  a 
water  tight  joint  to  the  ascending  pipe  H.     See  No.  166.     The  open  end 
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of  the  coil  is  enlarged  bo  u  to  fenn  a  KOOp.  When  the  machine,  im- 
mersed in  wat«r  as  represented,  is  turned  in  the  direcuon  of  the  arrow, 
the  water  in  the  scoop,  as  the  latter  emerges,  passes  along  the  pipe  drir- 
ing  the  air  before  it  into  G  H,  where  it  escapes.  At  the  nest  revolution 
both  air  and  water  enter  the  scoop ;  the  water  is  driven  along  the  tube  as 
before,  but  is  separated  from  the  first  portion  by  a  colunm  of  air  of  nearly 
equal  length.  By  continuing  the  motion  of  the  machine  another  portion 
of  water  and  another  of  air  will  be  introduced.  The  body  of  water  ui  each 
coil  will  have  both  its  ends  horiaonta],  and  the  included  air  will  be  of 
about  its  natural  density;  but  as  the  diameters  of  the  coils  diminish  to- 
wards the  centre,  the  column  of  w«ter  which  occupied  a  semicircle  in  the 
outer  coil,  will  occupy  more  and  more  of  the  inner  ones  as  they  approach 
the  centre  G,  till  there  will  be  a  certun  coil,  of  which  it  will  occupy  a 
complete  turn.  Hence  it  will  occupy  more  than  the  entire  space  wiuiin 
this  coil,  and  consequently  the  water  will  run  back  over  the  top  of  the 
succeeding  coil,  into  the  right  hand  «da  of  the  next  one  and  push  the 
water  within  it  backwards  and  raise  the  odier  end.  As  soon  as  the  water 
risea  in  the  pipe  O  H,  the  escape  of  air  ia  prevented  when  the  scoop 
takes  in  its  next  quandty  of  water.  Here,  then,  are  two  columns  of  water 
acting  against  each  other  by  hydrostatic  pressure,  and  the  intervening  co- 
lumn of  air.  Thev  must  compress  the  air  between  them,  and  the  water 
and  air  columns  will  now  be  unequal.  This  will  have  a  general  tendency 
to  keep  the  whole  water  back  and  cause  it  to  be  higher  on  the  left  or  ri»> 
ing  side  of  each  coil,  than  on  the  other.  The  excess  of  height  will  be  just 
such  as  produces  the  compression  of  the  air  between  that  and  the  preced- 
ing column  of  water.  This  will  go  on  increasing  as  the  water  mounts  in 
H.  Now  at  whatever  height  the  water  in  H  may  be,  it  is  evident  that 
the  air  in  the  small  column  next  to  it  will  always  be  compressed  with  the 
weight  of  the  water  in  H — an  equal  force  must  therefore  be  exerted  by 
the  water  in  the  coils  to  support  uie  column  in  H.  This  force  is  the  sum 
of  all  the  differences  between  the  elevation  of  the  inner  ends  of  the  water 
in  each  coil  above  the  outer  ends ;  and  the  height  to  which  the  water  will 
rise  in  H  will  be  just  equal  to  this  sum.  Dr.  Gregory  observes  that  the 
principles  on  which  the  theory  of  this  machine  depends  are  confessedly 
intricate  ;  but  when  judiciously  constructed,  it  is  very  powerful  and  effec- 
tive in  its  operation.  It  has  not  been  ascertained  whether  the  helical  or 
spiral  form  is  beat.  Some  of  these  machines  were  erected  in  Florence  in 
1778.  In  1784,  one  was  made  at  Archangebky,  that  raised  a  hogshead  of 
water  in  a  minute  to  an  elevation  of  seventy-four  feet,  and  through  a  pipe 
seven  hundred  and  sixty  feet  long.     See  Gregory's  Mechanics,  vol.  ii. 

It  perhaps  may  facilitate  an  understanding  of  this  curious  machine,  by 
remarking  that  the  pressure  exerted  by  the  column  of  water  in  one  side  of 
each  coil  is  proportioned  to  its  length,  and  that  this  pressure  is  transmit- 
ted, through  the  column  of  air  between  them,  to  that  of  the  next :  the  com- 
bined force  of  both  is  then  made  to  act,  by  the  revolution  of  the  tubes, 
upon  the  third  column,  and  so  on,  till  the  accumulated  force  of  them  all 
is  communicated  to  the  water  in  H ;  and  hence  the  elevation  to  which 
water  can  be  thus  raised,  can  never  exceed  the  sum  of  the  altitude!  of  the 
liquid  columns  in  the  coils. 

KND  or  THK  THIKD  BOOK. 
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Of  the  machines  appropriated  to  the  fonitli  diriuon  of  this  work,  (se« 
page  8,)  centrifugal  pumps  and  a  few  otheia  haTe  already  been  described. 
There  remain  to  be  noticed,  the  water  ram,  caime  hydraulique,  and  de- 
vices for  rusiog  water  by  means  of  steam  and  other  ela«tie  fluids. 

If  the  variouB  operatiocis  of  the  lower  animals  were  invesdgated,  a  tbon- 
■and'devices  that  are  practised  by  man  would  be  met  with,  and  probab^ 
a  thousand  more  of  which  we  yet  know  nothing.  Even  the  means  by  whidk 
they  defend  themselves  and  secure  their  food  or  their  prey,  are  calcnlated 
to  impart  useful  tnformadon.  Some  live  by  stratagem,  laying  concealed 
ttll  their  unsuspecting  victims  approach  wiUiin  reach^-othera  dig  pitftlla 
to  entrap  them ;  and  others  agam  fabricate  nets  to  entangle  them,  and 
coat  the  threads  with  a  glutinous  substance  resembling  the  birdlime  of  die 
fowler.  Some  species  distill  poison  and  slay  their  victims  by  infusing  it 
into  their  blood;  while  others,  relying  on  their  muscular  energy,  suffocate 
their  prey  in  their  embraces  and  cruAi  both  body  and  bones  into  a  P^lpy 
mass.  The  tortoise  draws  himself  into  his  shell  as  into  a  fortress  and  bub 
ilefiauce  to  his  foes;  and  the  porcupine  erects  around  his  body  on  array  of 
bayonets  from  which  his  enemies  retire  with  dread.  The  strength  of  the 
ox,  the  buffalo  and  rhinoceros  is  in  (Leir  necks,  and  which  Uey  apply 
with  resistless  force  to  gore  and  toss  their  enemies.  The  elephant  by  his 
weight  treads  his  foes  to  death ;  and  the  horse  by  a  kick  inflicts  a  wound 
that  is  often  as  fatal  as  the  bullet  of  a  rifle  ;  the  space  through  which  hia 
foot  passes,  adding  force  to  the  blow. 

There  are  numerous  proofs  of  some  of  the  lower  animals  being  aware 
that  die  momentum  of  a  moring  body  is  increased  by  the  space  throng 
which  it  falls.  Of  several  species  of  birds  which  feed  on  shell  lish,  some, 
ivhen  unable  to  crush  the  shells  with  their  bills,  carry  them  up  in  dia 
air,  and  let  them  drop  that  they  may  be  broken  by  the  fall.  (The  Athe- 
niaa  poet  £schylus,  it  is  said,  was  killed  by  a  tortoise  that  an  eagle  drop> 
pod  upon  his  bald  head,  which  the  bird,  it  is  sapposed,  mistook  for  a  stow.) 
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When  ilie  molei  of  sheep  or  goati  prepare  to  hnU,  tbey  always  recede 
backwards  to  some  distance  ;  and  then  rushing  impetuously  forward,  (ac- 
cumnlating  force  as  they  go,)  brine  their  foreheads  in  contact  with  a  shock 
that  sometimes  provea  fatal  to  both.  The  ancients,  pei4iaps,  from  witnesa- 
ing  the  battles  of  these  animals,  constructed  military  engines  to  act  on  the 
same  principle.  A  ponderous  beam  was  suspended  at  the  middle  by  chains, 
and  one  end  impelled,  by  the  united  efibrts  of  a  number  of  men  at  the  op- 
:. ^^  against  walls  which   it  demolished  with  slow  but  sure  effect. 


The  battering  end  was  genendtv,  and  with  the  Greeks  and  Romans  oni- 

formlv,  protected  by  an  iron  or  broncQ  cap  in  the  form  of  a  ram's  head ; 

i  the  entire  instrument  was  named  aAer  that  animal.     It  was  the  most 


deatrucuve  of  all  their  war  machinery — no  building,  however  solid,  could 
long  withstand  its  attacks.  Plutaich,  iu  his  life  of  Anthony,  mentions  one 
eighty /eel  in  length. 

The  action  of  the  ram  is  familiar  to  most  people,  but  it  may  not  be 
known  to  all  that  similar  results  might  be  produced  by  a  liquid  as  by  a  solid 
—that  a  long  column  of  Water  moving  with  great  velocity  might  be  made 
equally  destructive  a*  a  beam  of  wood  or  iron — yet  so  it  i«.  Waves  of  tha 
aea  act  as  water-rams  against  rocks  or  other  barriers  that  impede  their 
progress,  and  when  their  force  ia  increased  by  storms  of  wind,  the  most 
■olid  structures  give  way  before  them.  The  old  lighthouse  on  the  Eddy- 
stone  rocks  waa  thus  battered  down  during  a  storm  in  1703,  when  the 
engineer,  Mr.  Win^tonley,  and  oU  his  people,  perished. 

The  increased  force  that  water  acquires  when  its  modon  is  accelerated, 
might  be  shown  by  a  thousand  examples :  a  bonk  or  trough  that  eaoly 
retains  it  when  at  rest,  or  when  slighuy  moved,  is  often  inaufiicient  when 
its  velocity  is  greatly  increased.  When  the  deep  lock  of  a  canal  is  opened 
to  transfer  a  boot  or  a  ship  to  a  lower  level,  the  water  is  permitted  to  de- 
scend by  slow  degrees :  were  the  gates  opeiked  at  once,  the  rushing  masB 
would  sweep  the  gates  below  before  it,  or  the  greater  portion  would  be 
euried  in  the  surge  quite  over  them— end  pernaps  the  vessel  also.  A 
slaggish  stream  drops  almost  perpendicularly  over  a  precipice,  but  the  mo- 
mentum of  a  rapid  one  shoots  it  over,  and  leaves,  as  at  Niagara,  a  wide 
■pace  between.  It  is  the  same  with  a  stream  issuing  from  a  honzonta! 
tube— if  the  liquid  pass  slowly  through,  it  falls  inertly  at  the  orifice,  but 
if  its  velocity  be  considerable,  the  jet  is  carried  to  a  distance  ere  it  touches 
the  ground.  The  level  of  a  great  part  of  Holland  is  below  the  ■urfaoe  of 
the  sea,  and  the  dykes  are  tn  some  parts  thirty  feet  high :  whenever  a 
leak  occurs,  the  greatest  efibrts  are  made  to  repair  it  immediately,  and  for 
the  obvious  reason  that  the  aperture  keeps  emarging  and  the  liquid  mass 
behind  is  put  in  motion  towards  it;  thus  the  pressure  is  increased  and, 
if  the  leak  be  not  stopped,  keeps  increasing  till  it  bears  with  irresistable 
force  all  obstructions  awav.  A  &Ial  example  is  recorded  in  the  ancient 
liistory  of  Holland : — an  ignorant  burgher,  near  Dort,  to  be  revenged  on 
a  neighbour,  dug  a  hole  through  the  dyke  opposite  the  house  of  die  latter, 
intending  to  close  it  after  his  neighbor's  property  had  been  destroyed  ; 
but  the  water  rushed  through  with  an  accelerating  force,  till  all  resistance 
was  vain,  and  the  whole  country  became  deluged.  The  ancients  were 
well  aware  of  this  accumulation  of  force  in  running  waters.  Allusiooa 
to  it  are  very  common  am<Hig  the  oldest  writers,  and  various  maxima  of 
life  were  drawn  from  it  The  beginning  of  strife,  says  Solomon,  "  is  oa 
Wiken  one  letteth  out  water" — the  "  breach  of  waters' — "breaking  forth 
of  waters"—"  rushing  of  mighty  waters,"  Sec.  are  frequently  mendoned,  to 
indicate  the  irresistable  influence  of  desolaung  evils  when  once  admitted. 

That  the  force  which  &  running  stream  thus  acquires  may  be  made  to 
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drive  a  portiou  of  th«  liquid  far  above  the  aonrce  ^ence  it  flows,  ii  obvi- 
oiu  from  several  operatiena  in  nature.  During  a  stoTTn  of  wind,  long 
swelling  waves  in  the  open  sea  alternately  rise  and  &11,  without  the  creaU 
or  tops  of  any  being  elevated  much  above  those  of  die  rest;  but  when 
diey  meet  from  opposite  direcdona,  or  when  their  progress  is  suddenly 
arrested  by  the  bow  of  a  ship,  by  rocks,  or  other  obstacles,  part  of  the 
water  is  driven  to  great  elevations.  There  is  a  line  example  of  this  at  the 
Eddystone  rocks — the  heavy  swells  froin  the  Bay  of  Biscay  and  from  the 
Atlandc,  roll  in  and  break  with  inconceivable  fury  upon  them,  so  that  vo- 
lumes of  water  are  thrown  up  with  terriflc  violence,  and  the  celebrated 
light-house  somedmes  appears  from  this  cause  like  tbe  pipe  of  a  fountain 
enclosed  in  a  atnpendous  jet  £eaM.  The  light  room  in  iKe  old  light'house 
was  six^  feet  above  the  sea,  and  it  was  often  buried  is  the  waves,  so  im- 
mense were  the  volumes  of  water  thrown  over  it. 

The  hydraulic  ram  raises  wmler  on  precisely  the  same  principle :  a 
qoandty  of  the  liquid  is  set  in  motion  through  an  inclined  tube,  and  its  es- 
cape from  the  lower  orifice  is  made  suddenly  to  cease,  when  the  momen- 
tum of  the  moving  mass  drives  up,  like  the  waves,  a  portion  of  its  own 
volume  to  an  elevation  much  higher  than  that  from  which  it  descended. 
This  tnay  be  illustrated  by  an  experiment  familiar  to  most  people.  Sup- 
pose the  lower  orifice  of  a  tube  (whose  upper  one  is  connected  to  a  reser- 
voir of  water)  be  closed  with  the  finger,  and  a  very  minute  stream  be  al- 
lowed to  escape  from  it  in  an  upward  direction — the  tinv  jet  would  riio 
nearly  to  the  sur&ce  of  the  reservoir ;  it  eould  not,  of  course,  ascend 
higher — but  if  the  finger  were  then  moved  to  one  ude  so  as  to  allffw  a 
free  escape  till  the  whole  contents  of  the  tube  were  rapidly  moving  to  the 
eut,  and  the  orifice  dien  at  once  contracted  or  closed  as  before,  the  jet 
would  dart  far  oitnwthe  reservoir;  for  in  addition  to  the  hydrostatic  pres- 
sure which  drove  it  up  in  the  drst  instance,  there  would  he  a  new  force 
acting  upon  it,  derived  from  the  motion  of  die  water.  As  in  the  case  of 
a  hammer  of  a  few  pounds  weight,  when  it  rests  on  the  anvil  it  exerts  a 
pressure  on  ^  Utter  with  a  force  due  to  its  weight  only,  but  when  put 
m  motion  by  the  hand  of  the  smith,  it  descends  with  a  force  that  is  eqnivmi- 
lent  to  the  pressure  of  perhaps  a  ton. 

£veiy  person  accustomed  to  draw  water  fr^m  pipes  that  are  supplied 
from  very  elevated  sources,  must  hare  observed,  when  the  cocks  or  die- 
charging  orifices  are  suddenly  closed,  a  jar  or  tremor  comsiunicBted  to  the 
pipes,  and  a  sniping  sound  like  that  from  smart  blows  of  a  hammer.  Thestt 
effects  are  produced  by  blows  which  the  ends  of  the  pipes  receive  from 
the  water;  the  liquid  particles  in  contact  with  the  plug  of  a  cock,  when  it 
is  turned  to  stop  the  discharge,  being  forcibly  driven  up  against  it  by  those 
constituting  the  moving  mass  behind.  The  philosophical  instrument  named 
a  VMter  hammer  illustrates  diis  frcL  The  eifect  is  much  the  same  as  if  a 
solid  rod  moved  with  the  same  velocity  as  the  water  through  the  tube 
until  Its  progress  was  stopped  in  the  same  manner,  except  that  its  mo- 
mentum would  be  concentrated  on  that  point  of  the  pipe  aninst  which  it 
■truck,  whereas  with  the  liquid  rod  the  momentum  would  be  communi- 
caCed  equally  to,  and  mi^t  be  transmitted  from  owy  part  of,  the  lower  end 
of  the  tube;  hence  itoiten  occurs  that  the  ends  of  such  pipes,  when  made 
of  lead,  are  swelled  greatly  beyond  their  original  dimensions.  We  have 
seen  some  f  of  an  inch  bore,  become  enlarged  to  1^  inches  before  they  were 
ruptured.  At  a  hospital  in  Bristol,  England,  a  plumber  was  employed 
to  convey  water  through  a  leaden  pipe  &om  a  cistern  in  one  of  the  upper 
stories  to  the  kitchen  bslow,  and  it  nappened  that  the  lower  end  of  the 
tube  wu  bunt  nearly  every  time  the  cock  was  used.     After  severs!  U- 
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tempts  to  remedy  the  evil,  it  was  detemuDed  to  solder  one  endof  asmaller 
pipe  immediately  behind  the  cock,  and  to  carry  the  other  end  to  as  high 
a  level  as  the  water  in  the  cistern;  and  now  it  was  found  that  on  shutting 
the  cock  the  pipe  did  not  burst  as  before,  but  a  jet  of  considerable  height 
was  forced  from  the  upper  end  of  this  new  pipe  :  it  therefore  becsjue  ne- 
cessary to  increase  its  height  to  prevent  water  escaping  from  it — upon 
which  it  was  continued  to  the  top  of  the  hospital,  being  twice  the  height 
of  the  supplying  cistern,  but  where  to  the  great  surprise  of  those  who 
constructed  the  work,  some  water  stilt  issued ;  a  cisUm  was  therefore 
placed  to  receive  this  water,  which  was  found  veiy  convenient,  since  it 
was  thus  raised  to  the  highest  floors  of  the  buildmg  without  any  extra 
labor.  Here  circumstances  led  the  workmen  to  the  construction  of  a  water- 
ram  without  knowing  that  such  a  machine  had  been  previously  devised. 

The  first  person  who  is  known  to  have  raised  water  by  a  r>m,  designed 
for  die  purpose  was,  Mr.  Whitehurst,  a  watchmaker  of  Derby,  in  England. 
He  erected  a  machine  similar  to  the  one  represented  by  the  next  figure, 
in  1772.  A  description  of  it  was  forwarded  by  him  to  the  Royal  Society, 
and  published  in  vol.  Iv,  of  their  Transactions. 


N».in.    WUtak«i*t^  Wiur-Buk 

A,  represents  the  spring  or  reservoir,  the  surface  of  the  water  in  which 
was  of  about  the  same   level  as  the  bottom  of  the  cistern  B.      The  main 

E'pe  from  A  to  the  cock  at  the  end  of  G,  was  nearly  six  hundred  feet  in 
ngth,  and  one  and  a  half  inches  bore.  The  cock  was  sixteen  feet  below 
A,  and  furnished  water  for  the  kitchen  offices,  &c  When  it  was  opened 
the  liquid  column  in  A  G  was  put  in  motion,  and  acquired  a  velocity  due 
to  a  fidl  of  dxteen  feet ;  and  as  soon  as  the  cock  was  shut,  the  momentum 
of  this  long  column  opened  the  valve,  upon  which  part  of  the  water  rushed 
into  the  ur-vessel  and  up  the  vertical  pipe  into  B.  This  effect  took  place 
every  time  the  cock  was  used,  and  as  water  was  drawn  from  it  at  short 
intervals  for  household  purposes,  "  from  morning  till  night — all  the  days 
in  the  year,"  an  abundance  was  raised  into  B,  without  any  exertion  or 
expense. 

Such  was  the  first  water-ram.  As  an  original  device,  it  is  highly  honor- 
able to  ihe  sagacity  and  ingenuity  of  its  author;  and  the  introductioQ  of  an 
air  vessel,  wiuiout  which  ul  apparatus  of  the  kind  could  never  be  made 
durable,  strengthens  his  claims  upon  our  regard.  la  this  machine  he  has 
shown  that  the  mere  act  of  drawing  water  from  long  tubes  for  ordinary 
purposes,  may  serve  to  rwse  a  portion  of  their  contents  to  a  higher  level ; 
an  object  that  does  not  appear  to  have  been  previously  attempted,  or 
even  thought  of.  The  device  also  exhibits  another  mode,  besides  that 
by  pressure  engines,  of  deriving  motive  force  from  liquids  thus  drawn. 


and  consequently  opens  another  way  by  which  the  unmense  power 
petided  in  raising  water  for  the  supply  of  dties,  nuy  again  be  given 
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Ont  witli  the  liquid  (rom  the  iRteral  pipes.  NctwitLatandtng  the  odvan- 
tages  derived  from  such  mi  apparatus,  under  circumstances  simiiaT  to 
those  indicated  by  the  figure,  it  does  not  appear  to  have  elicited  the  at- 
tention of  engineere,  nor  does  Whltehurat  himself  seem  to  have  been  awara 
of  its  adaptation  as  a  substitute  for  forcing  pntnps,  in  locations  where  the 
water  drawn  from  the  cock  was  not  required,  or  could  not  be  used.  Had 
he  pursued  the  subject,  it  is  probable  the  idea  of  opening  and  closing  the 
cock  (by  means  of  the  water  that  escaped)  vrith  some  such  apparatus  «■ 
figured  in  No.  160,  would  have  occurred  to  him,  and  then  his  machine 
being  made  self-acdng,  would  have  been  appUcable  in  a  thousand  loca- 
doDS.  But  these  additions  were  not  made,  and  the  consequence  was,  that 
the  invention  was  neglected,  and  but  for  the  one  next  to  be  described,  it 
would  most  likely  have  passed  into  oblivion,  like  the  steam  machines  of 
Branca,  Kircher,  and  Decaus,  till  called  fordi  by  the  application  of'ihe 
same  principle  in  more  recent  devices. 

Whenever  we  peruse  accounts  of  the  labors  of  ingenious  men,  in  search 
of  new  dbcoveries  in  science  or  the  arts,  sympathy  leads  ua  to  rejoice  at 
their  success  and  to  grieve  at  their  failure  :  like  the  readers  of  a  well 
written  novel  who  enter  into  the  viewv,  feelings  and  hopes  of  the  hero ; 
realize  his  disappointments,  partake  of  his  pleasures,  and  become  interested' 
in  his  fate ;  hence  something  like  regret  comes  over  ua,  when  an  indn»- 
trious  experimenter,  led  by  nis  researches  to  the  verge  of  an  important 
discovery,  is,  by  some  circumstance  diverted  (perhaps  temporarily)  from 
it ;  and  a  more  fortunate  or  more  sagacioua  rival  steps  in  and  bears  off  th« 

Erise  from  hJs  grasp— uprise,  which  a  few  stepa  more  would  have  pnt 
im  in  possession  of.  Thus  Whicehurat  with  the  water-ram,  like  Papin 
with  the  steam-engine,  discontinued  his  researches  at  the  most  interesDng- 
point — at  the  very  turning  of  the  tide  that  would  have  carried  him  to  ths- 
goal ;  and  hence  the  fruit  of  both  their  labors  has  contributed  but  to  en-- 
hance  the  gloi?  of  their  successors. 

The  BiOer  hydraniiqiif  of  Montgolfier  was  invented  in  I79G.  (Its  au- 
thor was  a  French  paper  maker,  ana  the  same  gentleman  who,  in  coDJune-- 
don  with  his  brother,  invented  balloons  in  1782.)  Although  it  is  on  tha 
principle  of  Whitehurst's  machine,  its  invendon  is  believed  to  have  beeik 
endrely  independent  of  the  latter.  But  if  it  were  even  admitted  that 
Honigotfier  was  acquainted  with  what  Whitehurst  had  done,  still  he  has, 
by  his  improvements,  made  the  ram  endrely  his  own.  He  found  it  a, 
comparadvely  useless  device,  and  ha  rendered  it  one  of  the  most  efficient 
— it  was  neglected  or  forgotten,  and  he  not  only  revived  it,  but  gave  it  a. 
permaneBt  place  among  hydraulic  machines,  and  actually  made  it  the- 
most  interesdng  of  them  all.  It  was,  previous  to  his  dme,  but  an  embryo; 
when,  like  another  Prometheus,  he  not  only  wrought  it  into  shape  and 
beauty,  but  imparted  to  it,  as  it  were,  a  principle  otlife,  that  rendered  il«. 
movements  Metf-aettng  ;  for  it  requires  neither  the  attendance  of  man,  nor 
any  thing  else,  to  keep  it  in  play,  but  the  momentum  of  the  water  it  is 
employed  to  elevate.  Like  the  organizadon  of  animal  life,  and  the  me- 
chanism by  which  the  blood  circulates,  the  pulsadons  of  this  admirable 
machine  incessantly  condnue  day  and  night,  tor  months  and  years;  while 
nothing  but  a  deficiency  of  the  liquid,  or  defects  in  the  apparatus  can  in- 
duce it  to  stop.  It  IS,  compared  to  Whitehurst's,  what  the  steam-engine 
of  Watt  ia  to  that  of  Savary  or  Newcomen. 

Montgolfier  posibvely  denied  having  borrowed  the  idea  from  any  on^-^ 

he  claimed  the  invendon  as  wholly  his  own,  and  there  is  no  reason  whatT- 

ever  to  queadon  his  veracity.  The  same  discoveries  have  ofien  been,  and! 

•till  are,  made  in  the  aaina  and  in  diataut  countries,  independently  ofmcli 
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other.  It  IB  ft  common  oocnrreace,  and  from  the  conatitubon  of  the  hu- 
man mind  wiU  alvays  be  one.  A  tiateat  was  taken  out  in  England  for 
Klf-acting  rams  in  1797  by  Mr.  Boulton.  the  partner  of  Watt,  and  as  no 
reference  was  made  in  the  specification  to  Hontgolfier,  many  persons  ima- 
gined them  to  be  of  English  origin,  a  circumstance  that  elicited  some  re- 
marks from  their  author.  "  Cette  invention  (^aays  Montgolfier)  n'est  point 
d'origine  Anglaise,  elle  appartient  toute  enti^re  6.  la  France  ;  je  declare 
que  j'en  euis  le  aeul  inventeur,  ct  q^ne  I'id^e  ne  m'en  a  ^t^  foumie  par 
personnel  il  est  vrai  qu'un  de  mes  amis  a  laic  passer,  avec  mon  agrt^ment, 
a  MH.  Watt  et  Boulton,  oople  de  pluueurs  dessins  que  j'avais  faits  de 
cett«  machine,  avec  un  m^moire  detaille  sur  ses  applications.  Ce  sont  ret 
mima  denim  qui  ont  Atk  fid^lement  copies  dans  la  patents  prise  par  M. 
Boulton  (k  Londres,  en  date  du  13  D^cembre  1797;  ce  qui  est  nne  verite 
dont  il  est  bien  ^loign^  de  disconTenir,  ainsi  que  le  respectable  M.  Watt." 
We  have  inserted  this  extract  from  Hachette,  because  we  really  supposed 
on  reading  the  specification  of  Boulton's  patent  in  the  Repertory  of  Arts, 
(for  1798,  vol.  ix,)  that  the  various  modiScations  of  the  rwn  there  des- 
cribed were  the  invention  of  that  gentleman.  The  patent  was  granted  to 
"  Matthew  Bouiton,  for  hit  invention  of  improved  apparatus  and  methods 
for  raising  water  and  other  fluids." 
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"No.  168  represents  a  nmple  form  of  MontgolGer's  ram.  The  motive 
'Column  descends  from  a  spnngor  brook  A  through  the  pipe  B,  near  the 
'end  of  which  an  air  chamber  D,  and  rising  main  F,  are  attached  to  it  as 
shown  in  the  cuL  At  the  extreme  end  oi  B,  the  orifice  is  opened  and 
'Closed  by  a  valve  F,  instead  of  the  cock  in  No.  167.  This  valve  opens 
downwards  and  may  either  be  a  spherical  one  as  in  No.  168,  6t  a  common 
spindle  one  as  in  No.  169.  It  is  the  play  of  this  valve  that  renders  the 
machine  self-acting.  To  accomplish  this,  the  valve  is  made  of,  or  loaded 
with,  such  a  weight  as  just  to  open  when  the  water  in  6  is  at  rest ;  t.  e.  it 
must  be  so  heavy  as  to  overcome  the  pressure  ^;ainat  its  under  side  when 
closed,  as  represented  at  No.  169.  Now  suppose  this  valve  open  as  in 
No.  168,  the  water  flowing  through  B  soon  acquires  an  additional  force 
that  carries  up  the  valve  against  its  seat;  then,  as  in  shutting  the  cock  of 
Whitehurst's  machine,  a  portion  of  the  water  will  enter  and  rise  in  F,  the 
valve  of  the  ur  chamber  preventing  its  return.  When  this  has  taken  place 
the  water  in  B  has  been  brought  to  rest,  and  as  in  that  state  its  pressure 
is  insufficient  to  sustain  the  weight  of  the  valve,  E  opens;  (descends]  the 
water  in  B  is  again  put  in  motion,  and  again  it  closes  £  as  before,  when 
lanother  portion  is  dnven  into  the  air  vessel  and  pipe  F ;  and  thus  the 
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operation  is  continued,  as  long  aa  the  spring  afEbrda  a  mffident  supply  and 
ine  apparatui  remains  in  order. 

The  surface  of  the  water  in  the  spring  or  (onrce  should  always  be  kept 
at  the  lame  elevation,  so  that  its  pressure  against  the  valve  £  may  olwaya 
be  uniform — otherwise  the  weight  of  £  would  have  to  be  altered  as  the 
■arikce  of  the  spring  rose  and  fell. 

This  beautiful  machine  may  be  adapted  to  numerous  locations  in  every 
country.  When  the  perpencUcular  fell  from  the  spring  to  the  valve  E  la 
but  a.  few  feet,  and  the  water  is  required  to  be  raised  to  a  considerable 
height  thraugh  F,  then,  the  length  of  the  ram  or  pipe  6,  must  be  in- 
CTQaaed,  and  to  such  an  e:itent  that  the  water  in  it  is  not  fbrocd  back  into 
the  spring  when  E  closes,  which  will  always  be  the  case  if  B  is  not  of 
SuiEcient  length.  Mr,  Millington,  who  erected  several  in  England,  justly 
observes  that  a  very  insignificant  pressing  column  is  capable  of  raising  & 
very  high  ascending  one,  bo  that  a  sufficient  iall  of  water  may  be  obtained 
in  almost  every  running  brook,  by  damming  the  upper  end  to  produce  the 
leservoir,  and  carrying  the  pipe  down  the  natural  channel  of  the  stream 
until  a  sufficient  fall  is  obtained.  In  this  way  a  ram  has  been  made  to  raise 
one  hundred  hogsheads  of  water  in  twenty-four  hours  to  a  perpendicular 
height  of  one  hundred  and  thirty-four  feet,  by  a  fall  of  only  four  feet  and 
a  luuf.  M.  Fischer  of  3cha£rhaUBen,  constructed  a  water-ram  iu  the  form 
of  a  beautiful  antiijUG  altar,  nearly  in  the  s^le  of  that  of  Esculapius,  U 
represented  in  various  engravings.  A  basin  about  six  inches  in  depth,  and 
from  eighteen  to  twen^  inches  in  diameter,  received  the  water  that  formed 
the  motive  column.  This  water  flowed  through  pipes  three  inches  in  di- 
ameter that  descended  in  a  spiral  form  into  the  base  of  the  altar ;  on  the 
valve  opening  a  third  of  the  water  escaped,  and  the  rest  was  forced  up  to 
a  castle  several  hundred  feet  above  the  level  of  the  Rhine. 

A  long  tube  laid  along  the  edge  of  a  rapid  river,  as  the  Niagara  above 
the  {alls,  or  the  Mississippi,  might  thus  be  used  instead  of  pumps,  water 
wheels,  steam-engines  and  horses,  to  ruse  the  water  over  the  highest 
banks  and  supply  inland  towns,  however  elevated  their  location  might  be; 
and  there  is  scarcely  a  farmer  in  the  land  but  who  might,  in  the  absence 
of  other  sources,  furnish  his  dwelling  and  bams  with  water  in  the  same 
w^,  from  a  brook,  creek,  rivulet  or  pond. 

If  a  ram  of  laree  dimensions,  and  made  like  No.  168,  be  used  to  raise 
water  to  a  great  elevation,  it  would  be  subject  to  an  inconvenience  that 
would  soon  destroy  the  beneficial  effect  of  the  air  chamber.  When  speak- 
ing of  die  air  vesseli  of  fire-engines,  in  the  third  book,  we  observed  Uiat  if 
air  be  lubjocted  to  great  pressure  in  contact  with  water,  it  in  time  be- 
comes incorporued  with  or  absorbed  by  the  latter.  As  might  be  supposed, 
the  same  thing  occure  in  water-rama ;  as  these  when  used  are  incesr 
lantly  at  work  both  day  and  nighL  To  remedy  this,  Montgolfier  ingeni- 
ously adapted  a  veir  small  valve  (opening  inwanls)  to  the  pipe  beneau  the 
air  chamMr,  and  which  was  opened  and  shut  by  the  ordinary  action  of  the 
machine.  Thus,  when  the  £ow  of  the  water  through  B  is  suddenly  stop- 
ped by  the  valve  £,  a  partial  vacuum  i«  produced  immediately  below  the 
ur  chamber  by  the  recoil  of  the  water,  at  which  instant  the  small  valve 
opens  and^  portion  of  air  entera  and  supplies  that  which  the  water  ab- 
sorbs. Sometimes  this  tmfting  valve,  as  it  has  been  named,  is  adapted  to 
another  chamber  immediately  below  diat  which  forms  the  reservoir  of  air, 
•a  at  B  in  No.  169.  In  small  rams  a  sufficient  supply  is  found  to  enter  at 
the  valve  E. 

Although  air  ohambera  or  vessels  are  not,  strictly  speaking,  eonstitaent 
elements  of  water-rams,  they  are  indispensable  to  the  permanent  opeiatimi 
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of  these  machines.  Without  them,  the  piped  would  aooQ  be  mptured  by  die 
violent  concussion  consequent  on  the  ludden  Btoppsf  e  of  the  ef&ux  of  the 
motive  column.  They  perform  asimiUrpart  to  that  of  the  bags  of  wool,  Bcc 
which  the  ancients,  when  besieged,  interposed  between  their  walls  and  tbe 
battering  rams  of  the  beaiegers,  in  order  to  break  the  force  of  the  blows. 

The  ram  has  also  been  used  in  a  few  cases  to  raise  water  by  atmos- 
pheric pressure  from  a  lower  level,  so  as  to  discharge  it  at  the  same  level 
with  the  motive  column  or  even  higher.  See  iSt^Aoft  Rom,  in  next  book. 
The  device  by  which  Montgolfier  made  the  ram  self-acting,  is  one  of 
the  neatest  imagiitabte.  It  is  unique :  there  never  was  any  thing  like  it 
in  practical  hydraulics,  or  in  the  whole  range  of  the  arts  ;  and  its  sirapli- 
city  is  equal  to  its  novelty,  and  useBil  effects.  Perhaps  it  may  be  said  that 
he  only  added  a  valve  to  Whitehurst's  machine  :  be  it  so— but  that  aim- 
pie  valve  instantly  changed,  as  by  magic,  the  whole  character  of  the  ap- 
paratus— like  the  mere  change  of  the  cap,  which  transformed  the  Leech 
Hakim  into  Saladin.*  And  the  emotions  of  Cceur  de  Lion,  upon  Boding 
his  greaX  adversary  had  been  his  physician  in  disguise,  were  not  more  ex- 
quisite than  those,  which  an  admirer  of  this  department  of  philosophy  ex- 
periences, when  he  contemplates  for  the  first  time  the  metamorphoEis  of 
the  English  machine  by  the  French  Savan.  The  name  of  Montgolfier 
will  justly  be  associated  with  this  admirable  machine  in  future  ages. 
When  all  political  and  ecclesiastical  crusaders  are  forgotten,  and  the  me- 
mories of  all  who  have  hewed  a  passage  to  notoriety  merely  bv  the  sword, 
will  be  detested — the  name  of  its  inventor  \nll  be  embalmed  m  the  recol- 
lections of  an  admiring  posterity. 

The  water  cane,  or  ratine  hydrmdique,  raises  water  in  a  different  man- 
ner from  any  apparatus  yet  described.  A  modificadon  of  it  in  miniature 
has  long  been  employed  in  the  lecture  room,  but  it  is  seldom  met  with  in 
descriptions  of  hydraulic  machines.  It  is  represented  at  No.  170 ;  and 
consists  of  a  vertical  tube,  in  out- 
ward appearance  like  a  walking 
cane,  having  a  valve  opening  up- 
wards at  the  bottom,  and  placed 
in  the  liquid  to  be  raised.  Sup- 
pose the  lower  end  twelve  or  fif- 
teen inches  below  the  surface,  the 
water  of  course  would  enter 
through  the  valve  and  stand  at 
the  same  height  within  as  wiik- 
out;  now  if  the  tube  were  raised 
quickly,  but  not  entirely  out  of 
the  water,  the  valve  would  close 
and  the  liquid  within  would  be 
carried  up  with  it ;  and  if,  when 
the  tube  was  at  the  highest  point 
of  the  stroke,  its  motion  was  ntd- 
denly  reverted  (by  jerking  it  back) 
the  liquid  column  within  would 
still  continue  to  ascend  until  the 
momentum  imparted  to  it  at  the 
first  was  expended ;  hence  a  va- 
N*iiu     Ht-vn.  No. IT*.  cul^  would  be  left  in  the  lower 

part  of  the  instroment  into  which 
a  &eBh  portion  of  water  would  enter,  and  by  repeating  the  operation  the 
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tube  would  become  filled,  and  a  jet  of  water  would  then  be  tLrowa  from 
the  upper  orifice  at  ever;  stroke.  Thia  effect  obviously  depends  upon  tha 
rapidity  with  which  die  instrument  is  worked,  ».  e.  a  HUfficient  velociw 
must  be  given  to  the  water  by  the  upward  stroke  to  prevent  it  deacend- 
iag',  till  the  tube  again  reaches  the  lowest  point,  and  cansequently  receives 
another  supply  of  water.  The  insCrumeiit  should  be  straight  ana  the  bore 
smooth  ana  uniform,  that  the  liquid  may  glide  through  with  the  least  pos- 
sible .obstruction.  As  its  length  must  be  equal  to  the  elevation  to  which 
the  water  is  to  be  rvised,  it  is  necessarily  of  limited  application,  and  espe- 
ually  so  since  the  whole  (both  water  and  apparatus)  has  to  be  lifted  at 
every  stroke — not  merely  the  liquid  that  is  discharged,  but  the  whole 
contents  of  the  machine. 

By  making  the  upper  part  of  the  tube  slide  within  another  that  is  fixed, 
A  short  part  only  ot  the  apparatus  might  then  be  moved,  and  by  connect- 
ine  an  air  chamber  as  iu  No.  171,  a  continual  stream  from  the  discharging 
onfice  might  be  produced.  A  stulRng  box  should  be  adapted  to  the  end 
of  the  fixed  tube.  Hachette  suggested  the  application  of  a  spring  pole 
(like  those  used  in  old  lathes)  to  communicate  uie  quick  reciprocating  mo- 
tion which  these  machines  require. 

No.  172  represents  another  form  of  the  inatmment.  Two  spiral  tubes 
coiled  round  m  opposite  directions  are  secured  to  and  moved  by  a  verti- 
cal shaft  Their  upper  ends  are  united  and  terminate -in  one  discharging  - 
orifice;  the  lower  ones  are  enlarged,  and  each  has  a  valve  or  clack 
opening  inwards  to  retain  the  water  that  enters.  By  means  of  the  handle 
A,  which  is  mortised  to  the  shaft,  an  alternating  circular  motion  is  im- 
parted to  the  whole,  and  the  water  thereby  raised  through  these  coiled 
tubes  on  precisely  the  same  principle  as  through  the  perpendicular  ones 
just  descnbed.  Thus,  when  the  handle  is  moved  either  to  the  right  hand 
or  to  the  left,  one  valve  closes,  and  the  water  within  receives  an  impulse 
that  continues  its  motion  along  the  tube  after  the  movement  of  the  latter 
is  reversed ;  and  by  the  time  its  momentum  is  expended  a  fresh  portion 
of  water  has  entered  that  prevents  its  return.  In  this  manner  all  the  coila 
become  filled,  and  then  evei^  additional  supply  that  enters  below  drives 
before  it  an  equal  portion  from  the  onfice  above.  This  machine,  there- 
fore differs  from  Nos.  170  and  171  only,  in  being  adapted  to  a  horizon- 
tal instead  of  a  perpendicular  movement.  Each  tube  m  the  figure  forms 
a  distinct  machine,  and  should  be  considered  without  reference  to  the  other. 
Their  discharging  orifices  are  united  to  show  how  a  constant  jet  may  be 
produced.  By  roakine  the  upper  part  turn  in  a  stufling  box  in  the  bottom 
of  a  fixed  tube,  as  in  No.  171,  water  might  then  be  raised  higher  than  the 
movable  part  of  the  apiraratus. 

That  proper^  by  which  all  bodies  lend  to  continue  either  in  a  state  of 
rest  or  motion,  viz ;  inertia,  increases  the  effect  of  these  machines,  for  when 
the  momentum  imparted  to  the  liquid  in  the  tubes  is  exhausted,  inertia 
alone  prevents  it  from  instantaneously  flowing  back,  and  hence  there  is 
time  ior  an  additional  pordon  of  water  to  enter  et  the  valve.  The  acdon 
of  the  cannc  hydraulique  is  similar  to  that  by  which  persons  throw  water 
to  a  distance  from  a  bucket,  or  a  wash'basin.  The  momentum  given  to 
these  vessels  and  their  contents  carries  the  latter  to  a  distance,  while  the 
former  arc  held  back  or  retained  in  the  hands.  Coals  are  thus  thrown  from 
a  scuttle,  earth  from  a  shovel,  and  it  is  the  same  when  a  traveler  on  a 
galloping  horse,  or  when  drawn  furiously  in  an  open  carriage,  condnues 
on  bis  journey  after  the  animal  suddenly  stops — his  adhesion  to  hit  seUi 
cot  being  sufficient  to  resist  the  motal  inertia  of  his  body. 
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KuUna  Aw  nldai  nur  bf  fln:  'trmirlilnri     ilnnliint  Trnitliri  |:Iimh    nNirill f  idtbTkal 

ud  wndBMiIlM  by  eoM—AichDi  EirpUu  lir-iiiuhiBH— Suua  o(  llrai>iia-.a»ni«  oT  Sar^ib  i^ 
lh>  Bird  at  Maauxn— Dsiiua'  ud  Rlrtkw'i  UKklMrr  u  ■aaut  fbt  Ilia  Mudi  oTlba  T 
BsBirki  on  IkB  SlMaa  af  MauiiDa— Miehlna  Ak  nMmf  BUar  by  Iba  tu 
■Hcbiiaa  In  Iba  lUUuIb  euuiy— Alr-BHhLHaby  Poru  » 
^c«Iur  ■icbinalij'DnliWaaiidDaaa*— AimuchiiHicHd  imli^grdiHiTliv— NodUcuiousrikMi 
enplsjrtd  ia  toalaal  ahan— BcanH  dun— Tricka  perfonMd  bjr  ibe  baukn  priaaU  *llh  Irs— Othala 
b;  baalad  air  awl  Tapoa— Ballcm  amploTad  <■  aKlenl  ahara— Tricka  parftnail  at  alnra  Baatlosad  b/ 
HaraB—AlUr  (bat  Ibada  Uatlf  irllh  flaaa,  ftvB  Haras— InfauUr  diiplajad  br  aseiaM  pitaau  flauHa 
of  Iha  laaplaa— Tba  Wplrtlalia    nbrtrli  of  iB  aaataala— CniiHU  Laatnl  Vaaa^ 

A  separata  book  might  with  propriety  have  been  devoted  to  machino* 
which  ruse  water  through  tubes  by  means  of  the  weight,  preaBtire,  mo- 
other  natuntl  properties  of  liquids,  without  the  necesaaiy  in- 
""    '      '     oranka,  leve       •         "■■  ■  ■      ■ 


tervention  of  wheels,  oranka,  levers,  &c.  With  such,  those  now  to  be 
Jescnbed  might  also  have  been  classed,  since  they  too  require  neither 
external  macninery  nor  force.  They  differ  however  from  pressure- 
engines  and  water-rams,  and  every  otLer  device  yet  noticed,  in  brinj^n^ 
into  action  a  new  element,  viz.  ketU  or  fire.  It  is  by  this  that  the  loreo 
upon  which  their  mavements  depend  is  ntnented,  viz.  in  the  expansion 
of  elastic  fluids.  There  are  two  kinds  of  these  machines  which  differ  ac- 
cording to  the  fluid  medium  upon  which  the  fire  is  made  to  act.  In  some 
this  is  common  aw,  in  others  tUam  or  vapor  of  water,  and  sometimes  both 
steam  and  air  have  been  employed.  The  present  chapter  is  appropriated 
to  sir  machines.  These  might  be  divided  mto  two  clasBes,  according  to 
the  nature  of  the  heat  employed ;  in  some  this  is  derived  from  the  sun ; 
in  others,  firom  ordinary  nre.  Those  in  each  class  might  also  be  arrang- 
ed according  to  that  property  of  the  air  upon  which  their  action  depends, 
viz.  1.  the  force  developed  by  its  expansion ;  S.  the  vacuum  formed  by  ita 
condensation  ;  3,  those  in  which  both  are  combined.  The  first  might  bo 
compared  to  forcing  pumps,  the  second  to  sucking  or  atmospheric  ones, 
and  the  third  to  those  which  both  suck  and  force  up  the  water. 

It  was  observed  in  the  second  book  (page  176)  that  all  gases  or  airs 
are  expanded  by  heat  and  contracted  by  cold.  A  proof  of  this  is  afforded 
by  the  usual  mode  of  employing  cupping-glasses  ;  a  minute  piece  of  cot- 
ton or  sponge  dipped  in  alcohol  is  inflamea  and  placed  in  a  glass;  upon 
which  the  air  becomes  dilated  or  increased  in  bulk,  so  that  a  great  part 
is  driven  out  to  make  room  for  the  rest ;  the  mouth  of  the  instrument  is 
then  applied  to  the  place  from  which  blood  is  to  be  withdrawn;  the  flame  of 
the  cotton  is  thereby  extinguished  and  as  the  remaining  air  becomes  cool 
it  cannot  resume  its  previous  state  of  density,  and  consequently  a  vacuity 
or  void  is  left  in  the  glass.  Plumbers  sometimes  make  small  square  boxes 
of  sheet  lead;  and  on  soldering  in  the  covers  the  temperature  of  the 
contained  air  is  so  greatly  mcreased,  that  before  the  soldering  is  completed 
a  large  portion  is  expelled,  and  when  the  boxes  become  cool  every  side 
is  found  slightly  collapsed.     This  result  is  the  required  proof  of  the  ves- 
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•els  beii^  tighL  Now  !t  ia  c1«bp  tbu  ^£  a  communicuion  vu  opened  hj 
» tube  between  the  interior  of  one  of  these  boxes  and  a  vessel  of  water 
placed  a  few  feet  below,  that  the  liquid  would  be  forced  into  it  (by  the 
MmiMphere)  until  the  contuned  air  occupied  no  greater  apace  than  it  did 
before  any  part  was  driven  out  by  the  beat.  This  mode  of  raising  liquids 
Biay  be  illustnUed  at  the  tea-table  ;  Let  a  saucer  be  half  filled  wiih  cold 
water,  hold  an  inverted  cup  just  over  it  and  apply  for  a  moment  &  small 
•lip  of  liehted  paper  to  the  interior  of  the  enp,  drop  the  paper  on  the 
water  and  cover  it  with  the  cup,  when  the  liquid  contents  of  the  laucer 
will  be  instantly  forced  up  into  the  inverted  vessel. 

If  an  inverted  glass  sipoon  be  partly  filled  with  water  and  the  orifioe 
of  one  leg  be  then  closed  and  that  leg  be  held  to  the  fire,  the  air  expand* 
ing  will  drive  out  the  liquid  and  cause  it  to  ascend  in  the  other  leg. 
Several  philosophical  instrumenti  illostr&te  the  same  thin?.  Previous  to 
the  discovery  of  atmospheric  pressure  and  the  invention  of  the  barometer, 
the  expansion  of  air  by  heat  was  theprindple  upon  which  the  ancient 
weather  glasses  were  constructed.  Tney  were  made  in  great  varie^. 
The  umplest  consisted  of  a  glass  tube  having  a  bulb  blown  on  the  closed 
end.  It  was  held  over  a  fire  to  dilate  the  air,  and  the  open  end  wma 
then  plunged  into  a  vessel  of  water.  It*  construcdon  was  the  same  as  the 
modem  barometer.  Variations  in  the  temperature  and  density  of  the 
atmosphere  caused  the  water  to  rise  and  fall  in  the  tube,  as  the  contained 
air  was  dilated  and  contracted,  and  thus  changes  in  the  weather  were 
indicated.  From  these  instruments  the  barometer  received  its  former  name 
of  "  the  weather  glass."* 

The  degree  of  elevation  to  which  water  can  be  thus  raised  depend* 
Upon  the  temperature  to  which  the  contused  air  is  subjected ;  its  dilatatioB 
or  increase  of  bulk  being,  according  to  some  authors,  in  common  with 

■  The  Ibllow'rng  aittael  Tram  a  book  pablobail  ten  nan  bebra  the  diKovarf  of  at- 
woapbaric  praMore,  mij  iatera*!  aomg  raadan.  Allhoofh  tiw  inatminaDti  to  •rhieh  it 
MfiKm  am  no  latvsr  in  lus,  tbay  ought  dol  io  ba  entirajf  fbifotlan. 

"  A  wcstliei-f  lana  ia  a  atnietuta  of  at  tbg  but  two  glusea  [a  (aba  and  tha  vaiNl 
contsinrng  the  watar]  aometimaaofchrea.  rouni,  or  mora  as  oceaiion  wrrfilh,  incloaing 
sqniBtity  oTwatar,  and  a  portion  of  a/er  prop  ore  ionabla  j  by  wboM  eondaoiacion 
or  rariraetioa  Iha  inehideit  water  u  ntbjeet  nnio  a  eootinaal  mocion,  aitboi  upward  oi 
doMBward  1  b;  whioh  moeioB  of  ib«  waiai  i*  aoamwDi;  li»ra«bowa,  Iha  alate,  abadfs, 
wai  sllsTaeion  oT  the  waalhar  v— fi>r  I  apaak  no  wore  than  what  mj  own  eiperianee  baa 
made  me  bold  laaifirni;  jrou  nutjflhe  tioieoftbe  Tear,  and  tha  lollowing  obaarraciona 
nDdertlandinglj  eonajdared)  bee  able  eeMiiulj  to  rorelsll  tba  altaTseioD  or  uDCettaia^ 
of  tha  weathar  ■  food  manr  boon  befbre  ita<-~~~  ' 

"■  Mvarallfti" 

The  parpi 

_'ha«inglej-, _.     

The  fill  are  orconlnrj  ansliiies ;  either  ancb  whoaa  bicludad  water  doth  move  upward 


Than  are  divera  Mvarall  ftahiona  of  waaibar«1aaaea,  but  prineipally  two.  }.  Tba 
circular  glsHe.  3.  The  parpandieular  alaaae.  The  perpeniliculara  are  eilhar  nnf  ta, 
doubh  or  treble.    TheaingleparpendienlBnareor  two  lorti.  either  Ext  or  lootesbM: 


with  cold,  and  dowDward  with  beat,  aralaa  upward  with  beat  and  downward  with  oold. 
Id  the  double  and  treble  parpendiaalaiB,  u  the  water  ucandath  in  one,  i(  deaeandstb  aa 
much  or  more  is  the  olber.    Id  the  moreable  perpandicnlara,  the  gU«a  being  artifieiaDj 


welt  obKna  the  rormarthe  figurai 


!■  kitidi  BMntiotied  and  tella  hia  reader  "  if  j'Otldt 
Te  alio  givaa  direetiona  fi 


nakiHgeoloured  witu  for  tha  tobea,  nidi  as  "  maj  be  both  an  ornameDt  to  the  worii  m_ 
delectable  lo iba  ere."  TreatiwonArtud  Nature,  A.  D.  1633or4.  Sea  acoount arthia 
bcMk  page  331.  A  modilieatian  of  an  a  ir-glan  may  be  found  in  the  Foreibia  Hovemenla 
of  Daeaui.  (plate  *iii.)  which  ba  nameaaa  EngmtllialJittUmovttfUttff.  LordBaeos, 
in  wboaa  time  theae  air  glawaa  were  comnwa,  praaaalad  what  appeara  to  have  boao  aa 
hnproTedoDaaBdofbiaowMiarenlion,  lotbe  Eul  of  Emm,  who  it  ia  said,  was  aaeaptt 
vatad  with  it  that  he  praiantod  the  donor  with  Twtcbenhain  Park  and  itagardan,  aa  a 
n lace  for  hb  aiudiei.  The  iuatrumaat  waiuamed  '  j  tacrif  csHoailjr  ^ uMnt,  wUrriy  ■* 
faama  Ike  leamt  i/aaarf  Aear  i^lit  fear.hja  FMitmliietd  Olatt.fUtiid  {wiA  a  a  aiag^Kfw 
tMB^Bat>r)iBaiiBafar.    An aceowu  of  Lord  Baeoa'a  Woibi^  LAadon,  1079. 
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Allwr  permanently  eksbc  fluids,  in  a  geometric»l  [wognuion  to  eqnil  io- 
crements  of  heat.  A  volume  of  air  at  ordinary  tempeMturea  ia  increaaed 
orer  one  third,  if  raised  to  212°  Fahrenkeit  At  the  tunag  point  of  lead 
(at>qut  600°)  it  ia  mare  than  doubled,  and  at  the  heat  of  1100°,  it  wonU 
be  tripled.  Let  a  small  glass  tube  be  attached  to  the  necL  of  &  Florence 
flask,  and  heat  both  in  boOing  vater ;  if  the  eod  of  the  tube  be  then  plaeed 
in  mercury,  the  latter  vrill  as  the  air  becomes  cooled  rise  in  the  tube,  to  tha 
height  of  ten  incbei — equal  to  about  eleven  feet  of  water.  If  tliey  wen 
heated  to  600°  it  would  rise  to  fifteen  inches ;  and  if  to  1100°  to  tweu^- 
one  or  two  inches.     We  have  connected  a  tube  to  themouthof  acomm<» 

rM  bottle,  and  after  healing  the  latter  over  a  fire,  placed  the  end  of 
tube  in  mercury,  and  on  removing  the  whole  to  the  open  air,  then  at 
60°,  the  mercury  in  a  few  minutes  rose  to  sixteen  inches ;  hence  rather 
more  than  one  half  of  the  air  had  been  expelled  by  the  beat.  These 
effects  take  place  when  the  enclosed  air  ia  dry  ;  but  tf  it  be  moist,  or  if  a 
drop  or  two  of  water  be  in  the  vessel,  the  resiUts  are  greater,  because  the 
vapor  of  the  liquid  would  alone  fill  or  nearly  fill  the  vessel  and  would 
dnve  out  a  ooiresponding  quantity  of  air. 

This  mode  of  creating  a  vacuum  and  raiung  wat^by  thedilktatian  and 
condensation  of  ur  is  now  seldom  used,  because  superior  resets,  as  just 
intimated,  are  obtcuned  from  steam  and  with  less  expense.  Air  machmes 
are  however  interesting  in  several  re^)ects.  They  ve  among  the  earliest 
examples  of  elas6c  fluids  b^ng  em^oyed  as  a  moving  power,  induced  b^ 
alternate  tinges  of  temperature.  They  constitute  the  first  link  in  that 
chain  of  devices  that  has  now  terminated  in  the  steam  engine,  but  wfaicb 
will  probably  be  prolonged  through  future  ages  by  the  addition  of  evett 
e  ^oient  mechanism.     In  this  view  of  the  subject,  air  machines  will 


connect  the  researches  and  iiiventions  of  antiqui^,  in  the  development  and 
^plications  of  the  most  valuable  because  most  pliable  of  all  mouve  fbccca, 
with  every  improvement  future  engineera  may  make  to  the  etui  of  time. 

The  olaest  air-machines  known  were  made  in  Egypt,  and  the  oldest 
account  extant  of  such  devices  is  also  derived  from  that  country,  vii.  from 
the  Spiritaiia.  It  is  also  worthy  of  remark  that  they  am  associated  by 
Heron  with  other  devices  of  the  priesthood,  (or  exciting  woTtoter  and  per- 
forming prodigies  before  the  pet^le ;  thus  affording  a  collateral  proof  thtU 
occupants  of  the  ancient  te«iples  at  Thebes,  Memphis  and  Heliopolia 
w^re  intimately  acquainted  with  the  pnnctplea  of  natur^  philosophy; 
and  fully  capable  of  teaohine  those  who  flocked  to  them  for  infbrmatioB, 
from  Greece  and  neighboring  countries.  There  is  a  circumstance  too 
diat  indicates  a  more  thorough  and  pmctical  aequaintanoo  with  the  me* 
chanical  properties  of  elastic  fluids,  and  the  means  of  exciting  dioao  pro- 
perties than  ought  at  first  be  supposed,  viz.  in  the  suhstitutian  of  the 
sun's  heat  for  that  of  ordinary  fires.  Tlus  seems  to  have  been  ad<wited  ia 
cases  where  the  miracle  to  be  wrought  could  not  be  accomplished  by  the 
latter  without  danger  of  detection,  or  when  it  could  not  be  so  secretly 
effected,  or  could  not  be  performed  with  such  imposing  effect.  Ot 
this,  the  vocal  statue  on  the  plain  of  Thebes  is  an  example.  This  g>> 
gantic  ido!  saluted  the  rising  sun  and  continued  to  utter  sotutds  as  long  as 
Uie  solar  b«ams  were  shed  over  it,  and  while  surrounded  by  the  mynada 
that  worshipped  al  its  shrine.  Now  these  sounds  were  produced,  accor- 
ding to  Horon,  by  the  dilatation  erf"  air,  or  by  vapor  evolved  by  the  ■nn'k 
heat  from  water  contained  in  close  vessels,  that  were  concealed  in  or  «oi»- 
nected  to  the  base  of  the  statue,  and  exposed  to  tlte  solar  Ts.ys.  Tlw 
-expanded  fluid,  it  is  supposed,  was  conveyed  through  tubes  whose  oriflow 
were  fashioned  to  produce  the  required  lounda. 
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CunbyHS  denrona  of  aaceTtaining  die  concealed  mecbaniBiii,  it  u  aaid, 
broke  the  atatoe  froca  the  head  to  the  middle.  According  to  some  writen 
he  discovered  nothing;  while  othen  mention  an  opinion  prevalent  among 
the  Kgyptians  that  the  image  previously  uttered  the  aeven  mysterioua 
TOMrels,  but  never  aftervvardi.  Strabo  has  recorded  a  tradition  that  tbe  in- 
jurv  waa  caused  by  an  earthquake.  He  visited  Egypt  in  the  first  century, 
antl  remarks,  that  early  one  morning  as  he  and  Oallus  tne  prefect,  with  many 
other  friends,  and  a  large  number  of  soldiers  were  standing  bv  the  statue, 
they  heard  a  certain  sound,  but  could  not  determine  whether  it  came  from 
the  trunk  or  th«  base ;  there  was  however  a  prevailing  belief  that  it  pro- 
ceeded from  the  latter  or  its  vicini^.  The  sounds  fimJly  ceaaed  in  tbe 
fourth  century,  when  ehristianily  became  established  m  the  country. 
Some  authors  have  supposed  two  different  devices  were  employed ;  one 
previous  to,  and  the  other  subsequent  to  the  mutilation  of  the  statue  ;  and 
thkt  one  or  both  consisted  of  spnngs,  &c.  on  the  principle  of  some  of  the 
speaking  heads  of  the  middle  ams.  Heron,  however,  who  must  have 
b«en  &miliar  with  the  image  and  the  aonnds  uttered  Iw  it,  attributed  the 
latter  to  air  or  vapor,  evolved  and  expanded  by  solar  neat;  so  that,  bow- 
ever  we  may  speculate  on  the  subject,  in  his  opinion  the  Pharaonic  prieotr 
hood  were  well  acquainted  with  the  dilatation  and  contraction  of  airs  by 
heat  and  cold,  and  with  varions  modes  of  employins-  them.  Moreover, 
die  movements  of  the  famous  statue  of  Seiapis  and  also  those  of  the  Bird 
of  Memaon  (an  image  which  we  have  previously  mentioned)  were  also 
produced  by  air  or  vapor  dilated  by  the  sun's  heat ;  and  we  shall  preaent- 
fy  aee  that  tricks  on  the  same  principle  were  freqaently  performed  at  an- 
cient altars. 

Modem  expodtions  of  the  mechamsm  or  supposed  mechanism  of  the 
Theban  Idol  are  derived  &om  the  Spiritalia.  That  of  Decaus  consists 
of  a  close  vessel,  of  die  form  of  a  pedestal,  having  a  partition  across  it  by 
'which  two  air-tight  compartments  are  formed.  One  of  these  is  half  filled 
widi  water  and  exposed  to  the  solar  rays — die  other  contains  air  and  to 
its  upper  part  are  connected  two  organ  pipes  or  reeds  diat  communicate 
with  die  statue.  A  communication  ts  formed  between  iJie  two  compare 
ments  by  a  siphon,  the  legs  of  which  are  inserted  at  tbe  lop  and  descend 
nearly  to  the  oottom  of  each  compartment.  Thus  when  the  sun  wanned 
^ae  vessel  containing  water,  the  air  and  vapor  within,  became  expanded 
and  pressing  on  the  sar&ce  of  the  liquid  forced  pan  of  die  latter  through 
the  siphon  into  the  other  compartment,  by  which  a  corresponding  portion 
of  air  was  forced  through  the  organ  pipes.  A  firure  and  details  of  this 
apparatus  form  the  23rd  plate  or  Decaus'  Forcible  Movements.  Faoaa- 
nias  and  some  other  ancient  authors  compared  the  sounds  to  those  proda- 
ced  by  the  vibradon  of  harp  strings ;  and  Juvenal,  who  waa  exued  to 
Sgypi  by  Domitian,  teems  to  have  been  of  the  eame  opinion. 


Hence  Kircher  in  his  explanation,  instead  of  conveying  tbe  rarefied  air, 
or  vapor  through  a  wind  instrument,  made  it  act  against  the  vanes  of  a 
wheel,  as  in  Branca's  steam  machine,  and  as  die  wheel  was  thus  blown 
round,  a  number  of  pins  attached  to  its  periphery  struck  a  series  of  wires 
so  arranged  as  to  receive  the  blows.  A  figure  of  this  device  is  inserted 
in  his  (Edipiu  ^y^iaem*.     Rome,  1652,  Tom.  iii,  page  326. 

Whatever  tbe  device  was,  it  seei^is  to  have  been  as  admirable  in  its 
execution  and  the  dispoKtion  of  the  mecbaniMD,  as  in  its  conception.  We 
•re  not  certain  that  it  was  ever  folly  understood  except  by  the  prieHa  of 
48 
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the  adjcnning  temple.  The  Komans  do  not  appear  ta  h&re  had  sufficient 
curioaity  to  giro  it  a  ciidcal  examioation.  What  a  contract  it  fortna  with 
tome  modem  wonders !  These  have  pnzaled  people  only  while  exami> 
nation  wa<  pK^ibited-~>while  acccM  to  them  was  denied,  aa  the  cheu- 
player  of  Rempelen ;  bnt  the  coloMal  android  of  Thebes  defied  the  scmti- 
ny  of  the  worla  throngh  unknown  periods  of  time.  In  it,  the  old  priests 
of  Egypt  have  sent  down  a  aurptising  specimen  of  their  skill.  We  know 
from  the  Bible  that  they  had  a  profound  knowledge  of  Natural  Magic  ; 
i.  e,  of  the  applications  of  science  to  purposes  of  deception,  and  this  statue 
confirms  the  scriptural  account : — it  shows  us  what  an  amount  of  labor 
and  ingenuity  was  expended  in 'the  fabrication  of  idols,  and  to  what  a 
prodigious  extent  the  ancient  systems  of  deluuon  were  carried — how  the 
very  magnitude  and  even  nilimity  of  the  impostures  were  calculated  to 
bear  down  the  intellect  and  establish  an  unshaken  belief  in  the  communion 
of  the  priests  with  the  gods. 

If  a  close  metallic  vessel  containing  water  be  exposed  to  the  sun,  the 
air  in  the  upper  part  will  become  dilated  by  the  heat  and  may  be  employ- 
ed to  raise  the  water :  for  if  a  tube  be  inserted  at  the  top,  and  the  tower 
end  reach  nearly  to  the  bottom,  the  elasticity  of  the  air  will  be  expended  in 
fcvcing  the  liquid  up  the  tube  and  to  an  elevation  according  to  the  increase 
of  its  temperature-  A  device  of  this  kind  is  described  by  Heron  which 
is  represented  in  the  annexed  cuL 

On  the  lid  of  a  box  or  cis- 
tern containing  water  is  placed 
a  globe,  also  partly  filled  widl 
the  same  fluid.     A  pipe  rises 
from  the  cistern  to  about  the 
centre  of  the  globe.    Another 
pipe  through  which  the  water 
IS  to  be  raised  proceeds  from 
near  the  bottom  of  the  globe 
and  terminates  over  a  vase  or 
cup,  which  communicates  with 
the   cistern    as    represented. 
When  the  sun  beams  fall  on 
the  globe,  the  air  within  is  ra- 
refied and   by  its  expansion 
forces  the  water  through  the 
Ho.  in.  KiiUi«wu«i>riksBiui.  rnmUtrtm.       pipe   into  the  vase,  through 
which  it  descends  again  into 
the  cistern.     When  the  sun  beams  are  withdrawn  and  the  sur&ce  of 
die  globe  becomes  cool,  a  partial  vacuum  is  formed  in  the  globe,  and  .the 
pressure  of  the  atmosphere  then  drives  a  fresh  portion  into  it  from  the 
tustem  below  ;  when  it  is  again  ready  to  be  acted  on  by  the  sun  as  before. 
In  addition  to  the  air,  at  first  contained  in  the  globe,  a  quantity  of  vapor 
or  low  steam  would  be  evolved  by  the  heat  and  contribute  greatly  to  the 
result.     The  cistern  represents  an  open  reservoir  which  may  be  at  a  dis- 
tance from  the  globe,  and  the  vase  merely  exhibits  the  place  of  discharge 
— having  no  necessary  connecUon  with  the  reservoir,      The  apparatus  as 
a  model,  is  figured  just  as  philosophical  instruments  still  are.     Thus  in 
modem  books,  a  pump  (for  example)  is  often  shown  as  discharging  w^ter 
into  the  reservoir  from  which  it  raises  it.     We  make  these  remarks  be- 
cause some  persons  are  too  apt  to  consider  these  ancient  figures  as  literal 
representations  of  working  machines,  whereas,  they  were  designed  merely 
to  illustrate  the  principles  upon  which  the  movements  depended ;  and  aa 
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flpecimeiu  from  irliiob  otben  for  practical  purpoaea  mislit  be  deduced. 
]t  i«  qnite  a  common  remark  in  old  authors,  after  deBcribing  a  device,  to 
observe  tbat  varioiiB  machine!  for  other  purpoass  may  be  dsrived  from  it, 
and  excuM  themaetveB  for  not  pointine  out  particular  modes  of  doing  thio, 
because  they  conaidered  them  too  obTioui  to  reqiure  it. 

Whether  snch  modes  of  raisinK  water  tv«re  practiaed  in  Europe  previ- 
oiu  to  the  sixteenth  century,  we  have  no  m«Biu  of  ucertaining ;  out  in  the 
middle  of  that  and  tlie  beginning  of  the  foUowiug  one  they  are  frequently 
to  be  met  with  in  old  authon. 

Baptist  Porta,  in  hia  NaiMral  S^igic,  after  deacribing  a  method  of  rais- 
ing water  from  the  bottom  to  the  top  of  a  tower,  by  meaua  of  &  vacuum 
formed  by  water  flowing  from  a  close  vesael ; — next  propotea  a  mode  of 
accomplishing  the  aame  object  "  by  heal  alone."  A  close  vessel  of  bnss 
'was  to  be  placed  upon  the  tower,  having  a  pipe  connected  to  its  uppw 
pert  and  extending  down  to  the  water  to  be  reused  ;  the  orifice  being  a 
short  distance  below  the  surface.  The  vessel  was  then  "  to  be  mada 
hot  by  the  aun,or^e,"  to  rarefy  the  contained  air  and  expel  a  portion  of  it 
through  the  pipe.  Ae  the  vessel  grows  cold,  he  observes,  the  remunins 
air  is  condensed,  and  because  it  cannot  then  fill  the  vacuity,  "  the  water  is 
called  in  and  ascends  thither."*  (Book  xix.  chap.  3.)  He  does  not  men- 
tion the  height  of  the  lower  because  the  philosophers  of  that  age  had  no 
idea  that  the  elevation  to  which  water  would  ascend  into  a  vacuum  had 
any  limits — and  hence  in  another  port  of  the  same  work  Porta  uses  tha 
following  langusge — "  A  vacuum  is  so  abhorred  by  nature  that  the  world 
would  sooner  be  pulled  asunder  than  any  vacuity  can  be  admitted." 
(Book  xviii.  chap.  1.)  There  is  another  passage  in  the  fitb  chapter  of  the 
19th  Book,  from  which  it  seems  that  he  employed  the  elasdce  force  of 
air  or  steam,  or  a  mixture  of  both  as  in  No.  174 — and  generated  either  by 
tbe  heat  of  the  sun,  or  by  that  of  lamps  or  candles,  as  shown  at  No.  189. 

AAer  deacribing  a  fountain  of  compression,  which  be  exhibited  to  some 
of  the  great  Lords  of  Venice,  and  the  operation  of  which  he  saya  caused 
Creat  aurprise  as  there  was  no  visible  cause  for  the  water  flying  ao  higb— 
he  continues,  "  I  also  made  another  place  near  thia  fountain  that  let  m  ught, 
and  when  the  air  was  extenuated,  so  lotig  at  any  light  lotted  the  fountain 
threw  out  water,  which  waa  a  thing  of  much  admirauon,  and  yet  but  little 
labor."     This  passage  is  probably  imperfectly  translated. 

No.  174,  on  the  next  page,  forms  the  9th  plate  attached  to  the  "  Forcible 
Movements"  of  Decaua.  (Translated  by  Leak,  London,  1669.)  It  exhi- 
bits on  extension  of  Heron's  machine  already  noticed,  (No.  173.)  Decaos 
says  "  this  engine  bath  a  great  effect  in  hot  places  as  in  Spaiu  and  Italy.' 

Four  air  aAt  copper  vessels,  a  foot  square  and  8  or  9  inchea  deep,  are 
■o  arranged  that  the  sun  may  shine  strongly  upon  them.  A  pipe,  having 
a  valve  O,  opening  upwards,  communicates  witb  the  lower  part  of  each,  to 
supply  them  with  water  from  the  spring  below.  Another  pipe  passes 
over  uie  upper  surfaces,  having  branches  which  descend  nearly  to  the  bot- 
tom of  each  vessel.  A  valve  is  ^so  placed  in  thia  pipe,  from  the  upper 
end  of  which  the  jet  of  the  fountain  iasues.  At  the  commencement,  each 
Teasel  is  about  one  third  filled  with  water,  through  openings  on  the  top, 
which  are  then  plugged  up.  **  Then  the  sun  shining  upon  the  said  en- 
pne  shall  make  an  expreasion  by  rarefying  the  enclosed  air  and  force  ths 

nuljorlhaatluntlm 
umdon,  mua. 

, a  mollitude  of  six 

eameni  obMura,  sir  (mi,  rcpeaiinR  gam 
Tbs  work  was  fiiM published  in  IHO. 
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water  to  flow  out  u  !n  the  figure.  Aod  sAar  the  heat  of  the  day  is  pua- 
ed  and  the  lUKht  shall  come,  the  ve»eU  shall  druw  the  water  of  the 
cistern  [sprina]  by  the  pipe  and  sucker  [lower  valve]  and  shall  fill  the 
vesBels  as  before.  .-....-  And  you  mast  observe  that  the  two 
suckers  [valves]  must  be  made  very  light  and  likewise  very  just,  so  M 
the  water  may  not  descend  by  them  after  it  is  raited." 


An  improvement  upon  the  preceding'  machine  is  next  given  by  Decjus. 
The  form  of  the  vessels  is  altered,  and  double  convex  lenses  or  "  burning' 
glasses"  are  so  arranged  on  their  covers  as  to  collect  "  the  raies  of 
die  son  within  the  said  vessels,  the  which  will  cause  a.  great  beat 
to  the  water,  and  by  that  means  make  it  spring  forth  with  great  abun- 
dance, and  also  higher  if  it  be  required."  (See  the  figure  below.)  It  is, 
we  think,  in  the  range  of  probability  that  the  heat  of  the  solar  rays  mfty 
yet  be  applied  in  some  situations  to  raise  water  with  effect 


I>a.l73>    llrB*fiH,fttaiD«Hu. 

Whether  tins  application  of  lenses  "  to  encrease  the  force  of  the  sun" 
is  air  engines,  was  a  device  of  Decuu,  we  know  not.     The  idea  however 
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would  natnnlly  occur  to  any  engineer  of  the  time,  engaged  on  th«  im- 
prorement  of  such  machines,  becauw  diRtilling  by  t})e  sun  botb  witL  len- 
■ea  and  without  them  was  a  common  practice  widi  chemitts  in  that  ag« 
and  some  centuries  before.  Baptist  Porta  described  the  process  in  iha 
tenth  book  of  his  Natimil  Magte,  and  observes  that  "  the  waters  extract- 
ed by  the  sun  are  the  best."  See  also  Alaittm  Rvttiqie,  Paris,  1574, 
page  211.  Kircber's  MmJu  Subterranau,  Tom.  ii,  392.  Other  au- 
thors also  describe  the  application  both  of  convex  and  concave  lenses  to 
concentrate  the  solar  rays  on  distilling  vessels ;  a  practice  probably  as  old 
a*  the  time  of  Archimeaes,  or  even  older.  We  give  an  extract  irom  an 
English  translation  of  one  of  Oesner's  works,  who  died  in  1545. 

"  Further,  although  that  the  Chimisticke  auchours  doc  teach  and  shew 
diverse  fashions  of  distilling  by  ascension,  yet  may  all  these  waies  be 
brought  into  three  orders.  --.--..-  The  first  manner  is,  when  wa 
diitill  anie  liquide  aubatancfl  or  flowers  in  the  aunne  by  force  of  his  heate, 

The  singular 

man  Adam  Louder,  in  his 
treatise  on  the  arte  of  dis- 
Qlling,  setteth  forth  an 
easie  tnauer  of  distilling 
by  the  heate  of  the  snnns 

beames  - and  the 

same  is  to  bs  wrought  oh 

this  wise :  take,  saith  Lon- 

cier,  a  hollowe  burning 

glasse,     which     direcdi* 

place   lowarde    the    hote 

beames  of  the  sunne,  after 

(betweene   the  beams  of 

the  sunne  and  the  burning' 

glasae,)  set  the  glass  bodtfl 

M»n«.  m«im.>,b,  A.  ■«•.«-..  [Hetort]  -    -   -   -   in  such 

manner,  that  the  beames 

of  the  hote  aunne  falling  into  the  hollow  glassc,  maie  so  beate  backa 

and  extende  to  the  gloMo  bodie  with  the  proper  matter  (as  to  the  object 

standing  righte  against)  -  -  -  -  as  more  livelie  appearech  by  this  figure 

here  described."* 

Air  dilated  and  vapor  evolved  by  the  sun's  heat  were  also  used  to  pro- 
duce music  in  the  middle  sges,  a  device  which  often  caused  that  celeatial 
melody  which,  like  the  harp  of  Dunstan,  acqnired  for  its  authors  a  repu- 
tation, sometimes  of  superior  sanctity,  and  at  others  of  dealing  with  the 
wicked  one.  The  musical  machine  of  the  famous  DrebiU,  according  to 
Bishop  Wilkins,  was  of  this  kind :  i.  e.  a  modificatiou  of  the  supposed  one 
in  the  Statue  of  Memnon.  Drebble's  machine,  says  the  Bishop,  "  would 
of  itself  render  a  soft  and  pleasant  harmony  when  exposed  to  the  snn't 
iWB,  but  being  removed  into  the  shade  would  presendy  become  silent. 
The  tvaaon  of  it  was  this;  the  warmth  of  the  sun  working  upon  some 


,       .  „  ..        ,  n/ ovki.  Mniu,  fBW. 

jIcmJ  MJtc«,  tktatmttd  frtpanium  sf  Mtiiiunr,  and  pelaik  gcU,  gaUund  ami  <^  UU  hot 
mmd  men  offnetd  auAmtn,  ty  l4af  txallaU  Dettar  Ga—nu.  AIn  Oc  piOKnt  and  mmar 
10  mak*  U>t  MuA,  fwnaca  and  atktr  hutTaiuenlt  tliinimta  idoagiiu.  Katbf  ttmtud 
amdfMMid  in  Engtijui,  fty  Otorgt  Balur,  <mt  rfthi  (l/uaut  Maj*Ktei  dMk  OdnniaM 
««r«MMj.    Lemha,  Btui  L^Ur,  1599. 
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moUtare  within  it,  mnd  TKrefytiig  the  inwftrd  air  onto  ao  great  an  exxamam 
that  it  must  need*  seek  for  vent  or  iwue,  did  thereby  give  ceveral  motioiu 
unto  the  instrument."     (Math.  Magic,  Book  ii,  chap.  1.) 

Decuis,  besides  his  explananon  of  the  voeal  statue  of  Egypt,  has  givea 
a  description  of  a  mtuicai  tmmmer,  a  device  apparently  similar  to  Dreb- 
ble's  ;  ajtd  in  the  twenty-second  plate  of  hii  work  he  has  figured  another 
which  Switzer  has  copied  into  bis  system  of  hydroatalica. 

The  heat  of  the  sun  is  too  uncertain  to  be  relied  upon  in  those  pro- 
jects that  require  immediate  and  certwn  results.  During  the  evening, 
night,  and  early  dawn,  nothing  could  be  effected ;  and  even  in  tnid-day, 
clouds  and  showers  oAen  intercept  nr  divert  the  rayg  :  moreover  a  ma- 
chine when  placed  so  as  to  be  heated  directly  by  the  sun,  soon  experien- 
ces a  diminution  of  its  iufiuence  by  the  motion  of  the  earth.  Those  rays 
which  fall  direcdy  upon  it  becoming,  in  consequence  of  this  motion, 
oblique.  These  and  other  unfavorable  circumstances  are  common  to  moat 
oonnttiea  where  the  solar  heat  is  sufficiently  intense,  while  in  others  it  is 
too  feeble  to  be  used  with  effect ;  hence,  in  the  tempente  lones,  witUn 
which  the  arts  have  at  all  times  been  chiefly  cultivated,  the  application  of 
ordinary  fire  has  superseded,  for  nearly  all  practical  purposes,  that  derived 
from  the  sun.  In  some  parts  of  the  earth  saline  waters  are  concentrated, 
«nd  salt  produced  by  the  heat  of  the  glowing  orb  of  day,  but  for  evetr 
thing  like  the  devices  belonging  to  our  subject  it !»  now  seldom  employed, 
if  at  oil. 

The  oldest  applications  of  lire  to  raise  liquids  are,  singularly  enough, 
also  to  be  founa  among  the  philosophical  tricks  of  ancient  priests,  and 
among  the  prodigies  wbicfa  they  perlbrmed  at  the  altar  itself.  The  selec- 
tion of  altars  for  such  displays  was  natural,  because  it  was  at  them  the  will 
of  Uie  gods  was  more  paracutarly  expected  to  he  made  known.  It  must 
not  be  supposed  that  ancient  altars  were  all  simple  structures  of  wood, 
stone,  brick,  or  marble  ;  on  the  eontrai^,  mat^  of  them  were  elaborately 
designed,  and  constructed  entirety  of  mettu.  Every  one  knows  that 
branee  or  brazen  altars  are  of  frequent  occurrence  in  the  Old  Testament, 
and  the  descriptions  of  some  prove  them  to  have  been  splendid  specimens 
of  workmanship  and  deugn.  The  altar  for  "  burnt  ofTeringa,"  being  up- 
wards of  eight  feet  square  and  five  deep,  was  covered  with  plates  of 
brass.  The  grate,  fire  place,  vessels,  &c.  were  also  of  the  same  materiaL 
One  of  the  numerous  brazen  altars  built  by  Solomon  was  an  extraordinary 
afl^r,  being  twenty  cubits,  or  thirty-ikreej'^  square,  and  tixUett  feet  high. 
The  large  number  of  victiinB  consumed  on  it  and  the  necessary  fires  ac- 
count for  these  dimensioni. 

As  some  of  the  most  effectual  frauds  were  oonsummated  at  and  by 
means  of  altars,  the  civil  governors  of  the  headien,  and  some  of  the  worst 
princes  of  the  Jews,  made  use  of  them  for  the  performance  of  state  tricks, 
to  intimidate  the  poople  and  subdue  them  to  their  will.  In  such  matters 
a  oollnsioD  between  me  priests  and  statesmen  of  antiquity  is  very  obvi- 
ous. (By  a  similar  combinatian  of  church  and  state  it  is  that  the  people 
of  Europe  are  still  oppressed.)  When  Themistodes  could  not  otherwise 
carry  out  his  measures,  he  did  not  fail  to  make  the  oracles  interfere.  There 
■re  some  interesting  particulars  in  2d  of  Kings,  chap,  xvi,  respecting  a 
braien  altar  which  Ahos  examined  at  Damascus,  and  an  exact  copy  of 
which  he  had  made  and  erected  in  Jerusalem.  It  evidently  was  of  a  no- 
vel construction  and  was  probably  designed  for  working  pretended  mirar 
clea  for  state  purposes,  for  it  was  among  those  destroyed  ov  bis  son  He- 
tekiah.  Mont&ucon  in  the  supplement  to  his  antiquities  oeseribes  some 
singular  altars,  and  among  others,  one  on  which  aA  eagle  was  made  sud- 
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deoly  to  rise  u  in  th«  act  of  fiyiog  awKj.     Thia  he  obMrvu  was  eSacted 
by  machinery  moved  by  a  person  appointed  for  the  purpose. 

There  are  numerouB  intimationB  u  history  of  frauds  practiced  at  altan 
by  fire,  and  by  tetUer  and  other  li^rndt.  We  ihall  notice  a  few  here,  and 
ouiers  in  the  next  chapter.  A  very  ancient  tradition  tausht  that  those 
were  the  greatnst  eods  that  answered  their  worshippers  by  fire.  Thia 
wasaprevailing'belief  among  the  ancient  heathen,  and  hence  the  in^nuity 
of  the  priests  was  particularly  exercised  in  devising  means  to  produce  a 
spontaneous  or  "  divine  fire,"  to  consume  the  sacrifices.  Servius,  a  Komui 
writer,  ofGrms  that  in  ancient  times  fire  was  never  kindled  on  the  altars, 
but  was  drawn  down  from  heaven  by  prayers.  Solinus  another  Roman 
author,  who  wrote  in  the  lirst  century,  speaiis  of  one  in  Sicily  upon  which 
the  fuel,  though  ever  so  rreen,  would  kindle  of  itself  if  the  sacrifice  wu 
acceptable  to  the  gods.  Pausauius  relates  an  example  of  which  he  was 
a  witness.  Some  of  the  devices  are  known.  When  the  viotim  waa  laid  on 
the  altar  and  the  fuel  ready  to  be  kindled,  a  libation  of  wine  or  oil  was 
poured  upon  it ;  streams  of  tha  liquid  trickled  through  fissures  or  secret 
channels  into  a  pftn  of  coals  concealed  below,  and  instantly  the  sacrifice 
was  enveloped  m  flames,  and  the  desired  proof  of  its  acceptance  given. 
At  other  times  naptha,  a  mineral  oil  that  takes  fiie  on  being  exposed  to  the 
sir,  was  adroitly  aropt  on  the  fuel  by  the  priests  as  they  ofiUciated.  Thie 
is  the  substance  by  which  Medea  is  supposed  to  have  destroyed  Creuia, 
by  impregnating  with  it  the  enchanted  gown  which  she  presented  to  her. 
When  Creusa  had  put  it  on  and  was  approaching  the  altar,  it  burst  into 
flames,  and  she  expired  in  excruciating  torments.  The  Druids  bad  die 
art  of  kindling  without  fire  a  sulphurous  substance  by  which  they  struck 
terror  into  their  enemies.  There  are  presumptive  proofs  that  both  they 
and  the  pnests  of  Delpbos  had  gunpowder,  with  which  they  imitated 
thunder  and  lightning ;  and  this  accoras  n4th  a  remark  of  Pliny,  in  the 
second  book  of  his  Natural  History,  (chap.  63.)  "  It  appeareth  upon  re- 
cord in  chronicles  that  by  certain  sacrifices  and  prayers,  lighbmig*  may 
either  be  compelled  or  easily  intreated  to  fall  \ipon  the  earth."  And  he 
observes  that  there  was  an  old  tradition  in  Etruria,  that  lightning  was 
procured  "  by  exorcisms  and  conjurations,"  The  ancient  priests  of  Ethio- 
pia worshiped  the  sun,  and  at  the  close  of  harvest  they  separated  a 
portion  of  tne  fruits  from  the  rest  as  a  sacrifice  to  the  Deity  i  if  the  ofier- 
ing  was  acceptable  it  instantly  took  fire.     The  Vestal  ^mylia  rekindled 


the  sacred  fire  on  the  altar  of  Vesta,  by  putting  her  veil  over  it,  that  is,  by 

some  device  which  the  act  of  adiustiDg  her  veil  concealed  :   in  fact  enough   * 

is  known  to  convince  us  that  old  temples  were  perfect  laboratories.     (See 


a  expose  of  ihe  pretended  descent  of  celestial  fire  on  Good  Fridays,  int 
tne  holy  sepulchre  of  Jerusalem  (which  is,  we  believe,  still  kept  np)  in 
Motraye's  Travels,  vol.  i,  page  79!) 

But  it  was  not  by  the  sudden  appearance  of  flamei  only  that  firo  was 
employed  as  an  ^ent  of  deception.  Equally  surprising  effects,  and  as 
secretly  produced,  were  derived  from  the  iaU  which  the  fuel  and  bunn 
ing  sacrifice  gave  out.  It  will  readily  be  imagined  that  this  beat  must 
have  been  intense  when  a  bullock,  a  ^eep,  or  a  goat,  was  consumed ;  and 
sometimes  several  animals  were  offered  at  once  upon  the  same  altar.  la 
bumt-c^etings,  every  part  was  to  be  reduced  to  ashes,  and  hence  partdcu- 
lar  care  was  required  that  the  fuel  should  be  dry  as  well  as  in  abundance ; 
otherwise  the  mass  of  flesh  and  juices  might  extinguish  the  fire — a  circum- 
stance that  was  deemed  veiy  inauspicious.  It  was  also  customary  to  pour 
wine  and  oil  upon  the  sacrifice,  and  spices  and  perfumes  to  correct  the 
odor.     These,  of  course,  increased  the  heat,  and  in  addition  to  which,  it 
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appean  from  one  of  the  Hunilton  Vasei,  iLat  large  bellows  were  same- 
times  used  to  promote  the  combustion  by  a  blasL 

A  modern  mecliBiiiciaii  will  at  once  perceive  that  the  radiation  of  heat 
from  such  fires  into  the  intfrurr  of  altan  offered  an  effective  and  munspi- 
cious  source  of  fraud— one  from  which  a  distinct  series  of  prodigies  might 
be  derived.  Let  us  see  how  the;^  could  be  realized.  Suppose  a  bronEe 
altar  made  air-tight,  with  a  cybndrical  or  other  openin?  through  its  centre, 
in  which  to  place  the  fire  and  to  afford  a  draft,  (as  in  those  wooden  boilers 
in  which  water  is  heated  by  a  fire  in  the  centre;  the  liquid  being-  in  con- 
tact with  the  heated  sides  of  the  furnace,  and  the  ashes  from  &e  grate 
felling  through  the  droftopening,  which  is  continued  through  the  bottom 
of  the  boilers)  or  the  passage  for  the  draft  might  be  made  at  right  angles 
to  the  furnace  or  fire-place,  and  tenmnate  at  one  side  of  the  altar ;  the  up- 
per part  of  the  furnace  would  then  be  level  with  the  top  of  the  altar  upon 
which  the  victim  was  laid.  Suppose  the  air-tight  cavity  round  the  nir- 
nace  filled  to  a  certain  height  wiili  wine,  oil,  or  other  inflammable  liquid, 
a  vapor  would  then  be  evolved  by  the  heat,  and  mlxin?  with  the  contain- 
ed oir  would  press  upon  the  sur&ce  of  the  liquid,  which,  by  concealed 
tubes  might  he  conveyed  to  the  lire  and  thus  sustain  it  without  any  addi- 
tionsl  fuel.  The  vapor  might  also  be  made  to  produce  sounds  as  in  Dreb- 
bte't  machine — images  of  birds  might  by  it- be  made  to  sing— dragons 
and  serpents  to  hisi.  The  current,  like  the  blast  of  a  bellows,  might  be 
made  to  excite  the  flames  ;  and  by  appropriate  mechanism  impart  motion 
to  various  automata-— cause  the  doors  of  the  temples  mysteriously  to  fly 
open  and  to  close,  &c.  Ice.  Now  it  so  happens  that  these  very  ^oga 
were  done  and  by  means  of  air  and  vapor. 

The  annexed  figure,  from  Problem  XI,  of  the  Spiritalia,  will  aerve 
as  a  specimen  of  the  ingenuity  of  the   ancienta   in   these  respects.     It  is 
merely  one  of  a  number  that  Heron  has  given.      The  altar  was  of  melal, 
hollow  and  air-tight,  and  placed  on  a  hollow  base   or  pedestal   (also  air- 
tight} which  contained  a  quantity  of  oil  or  wine.     Upon  the  base  stood 
two  statues,  each   holding  a   vase  in 
one  hand  as  represented.     Pipes,  aa 
shown  by  the  dotted  lines,  communi- 
cated   through   the    statues   with   the 
liquid.    As  the  air  within  the  altar  be- 
came dilated  by  the  heat,  it  necessarily 
forced   the   liquid  up   the   pipes   and 
drove  it  out  of  the  mouths  of  the  va- 
ses in  which  the  pipes  terminated.  It 
is  not  easy  to  see  why  the  bottom  of 
the  altar  did  not  open  directly  into  the 
base  or  reservoir  of  wine,  instead  of 
the  pip6  that  connects  them,  smce  it 
woulo  have  promoted  the  evolution 
Ho.in.  UqiMi ntHd  br  bHi  In  udut  (1-     of  vapor j   but  the  figure  represents 
.«-ft..tfc.fc,irit.iu.  ^^ly  ^^^  ^f  (j,^  numerous  modifica- 

tions employed.  It  is  obvious  from  this  and  some  other  devices  described 
by  Heron,  (a*  No.  173)  that  vapor  from  the  contained  liijuids  contributed 
tAiefljf  to  die  result,  although  he  has  not  in  alt  cases  mentioned  it.  Indeed 
it  is  not  certain  that  he  did^not  confound  sieam  with  air,  aa  the  philoso- 
phers of  the  sixteenth  century  did,  of  which  some  examples  are  given 
m  the  next  two  chapters.  Had  air  alone  been  used  in  the  above  altar, 
the  effect  conld  only  have  have  been  momentary  j  for  part  of  it  would 
be  soon  absorbed  by  the  Uquid  and  carried  out  with  it,  and  there  appoan 
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no  provinon  for  a  iresh  supply.  Besides,  u  (lie  liquid  was  expelled,  the 
bigner  would  the  remainder  nave  to  be  rnisBd,  uid  coiisequently  unless  thtt 
air  received  a  corresponding  increase  of  temperature  the  di«^ai^  from 
the  vase  might  cease. 

Had  it  nol  been  for  the  Spiritalia,  we  sbould  never  have  snspected  that 
«tr  was  made  lo  perform  so  important  b  part  in  ancient  frauds,  nor  that 
ina  expansion  and  contraction  had  been  employed  to  raise  liquids.  Not- 
widistending  the  high  opinion  which  history  gives  us  of  the  philosophical 
knowledge  of  old  priests,  we  should  hardly  have  surmised  Ui&t  they  bad 
the  art  of  applying  this  subtil  fluid  so  ingemousiy.  They  seem,  however, 
to  have  ransacked  all  nature  for  devices ;  and  to  have  become  familiar 
with  the  principles  upon  which  the  most  valuable  of  our  arts  and  ma- 
chinery are  based.  Astronomy,  acoustics,  chemistry,  optics,  hydrostatics, 
pneumatics,  and  hydra.u!ics,  were  all  pressed  into  their  service.  Even 
the  application  of  tttam,  as  a  source  of  modve  force,  did  not  escape  them  j 
•o  that  had  their  energies  been  devoted  to  the  development  of  useful  me- 
chanism, the  world  would  probably  have  been  indebted  to  them  for  the 
steam  engine  itaelf. 

What  wonders  would  an  insight  into  the  old  temples  have  revealed  I 
To  have  had  an  opportunity  of  inspecting  the  machinery,  new  and  old— 
to  have  been  present  at  the  consultations  of  the  priests — witnessed  their 
private  experiments — heard  them  expatiate  on  the  defecta  of  this  device 
and  die  perfect  working  of  that~-Buggesting  a  wheel  here  and  a  spring 
there — to  have  been  present  at  their  consultations  respecting  the  suspen-. 
sion  of  water  in  Tutia's  sieve,  and  witnessed  the  congratulations  exchange, 
ed  at  the  eclat  with  which  that  and  many  other  trials  came  off,  &c.  &c.— •- 
would  have  made  us  acquainted  with  discoveries  both  in  science  and: 
mechanical  combinations  that  would  throw  some  modem  inrentioos  into 
shade: — But  the  tremendous  evils  which  their  impostures  induced  ren-. 
dered  concealment  on  the  part  of  the  priests  indispensable.  Exposure 
would  not  only  have  endangered  their  wealth  and  mfluence,  hut  might' 
have  led  to  their  extermination  by  an  outraged  and  plundered  people — 
hence  the  veil  of  religion  was  interposed  to  screen  the  operators  and  their 
apparatus,  and  inevitable  deaik  vras  the  consequence  of  undue  curiosity  ; 
witness  that  of  AicUka,  a  female  of  Thebes,  who  ridiculed  the  orgies  of 
Bacchus,  and  was  represented  by  the  priests  as  having  been  changed  into  a 
bat  I  a  fiction  of  dicirs,  most  likely,  to  conceal  their  having  taken  her  oflT 
JEpytut  might  be  adduced  as  another  example — he  forcibly  entered  the 
temple  of  Neptune  and  was  itmck  hiind  by  a  sudden  eruption  of  la/t-aaifT 
from  the  altar ;  probably  sulphuric  or  o&er  acid  secretly  ejected  by  the 

Erieatfl.  In  tlus  chapter  we  nave  seen  they  had  the  means  of  doing  this 
y  the  dilatation  of  air  within  the  cavities  of  altars. 
We  shall  conclude  this  chapter  with  some  remarks  on  the  Spiritalia, 
a  work  that  had  more  influence  in  reviving  the  study  of  hydrodynamics 
in  modem  bmes,  than  any  other.  This  Httle  book,  like  a  rivulet,  sent  its 
otreams  of  knowledge  over  all  Europe  in  the  sixteenth  century.  It 
•timulated,  if  it  did  not  create  that  spirit  of  investigation  and  experimen- 
tal research  which  then  commenced  and  has  continued  unimpaired  to  the 
present  time.  It  seeniB  to  have  caused  an  unusual  degree  oi  excitement 
Philosophers,  chemists,  and  physicians,  as  well  as  engineers,  illustrated, 
their  writings  by  its  problems  and  figures.  Porta,  Decaus,  Fludd,  and 
others,  avowedly  transferred  its  pages  to  their  worlds,  while  many  writers 
with  less  candor  and  less  iugeumr^  made  use  of  it  without  acknowledg- 
ment. Of  all  the  old  mechiuuciana,  Betson  seems  to  have  been  less  in- 
debted to  it  than  any  other. 
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Tho  Spiriulia  formed  but  a  mull  p«rt  of  the  wridngi  of  Heron  i  had 
■11  of  them  reached  our  timei,  we  ahould  have  posseued  an  almost  per- 
fect system  of  ancient  mechanical  philosophy.  He  wrote  hooka  on 
clepsydra,  aatomato,  dioptrics,  war  machinery,  engine*  for  raisini; 
weight);  and  an  introduction  to  mechaDict,  which  is  said  to  have  been 
the  moat  complete  work  on  the  subject  which  the  ancients  poaaessed. 
Taken  as  a  whole,  the  Spiritalia  leenu  more  like  the  manual  of  an  ancient 
magician  than  any  thing  else — a  collection  of  deceptions  with  the  pro- 
cesses by  which  they  were  matured.  In  it  Heron,  mstead  of  appearing 
in  the  character  of  a  pbiloaopber,  rather  assumed  (perhaiM  Ibr  amusement 
or  to  expose  the  frauds  of  the  Egyptian  hierarchy)  that  of  a  minister 
of  bis,  initiating  an  acolyte  into  me  mysteries  of  his  profession.  And 
numerous  as  are  the  devices  described,  they  doubtless  formed  but  a  small 
part  of  those  which  constituted  the  active  and  efRcient  capital  of  the 
Egyptiaa  priestliood.  With  the  exception  of  an  hydraulic  and  another 
organ,  a.  syringe,  fire  engine,  fountain  of  compression,  three  lamps  and 
two  eolipiles,  (and  most  of  which  were  also  used  for  nnworthy  purposes) 
the  whole  may  be  considered  as  a  text  book  for  coiytirers.  Of  the  seventy- 
six  problems  contained  in  the  book,  twelve  relate  to  the  working  of 
prodigies  at  the  altars,  by  sir  dilated  by  the  beat  of  the  sacred  firea,  Sec, 
u  already  noticed;  upwards  of  forty  relate  to  sacrificial  vases,  Tantalus' 
cups,  magic  pitchers,  Am;.  In  some  of  these  were  concealed  cavities,  in 
which  the  liquid  was  retained  or  discharged,  by  closing  with  the  thumb 
«  minute  opening  in  the  handle.  Water  was  poured  into  some  and  they 
■gave  out  wine,  and  pice  verm.  In  these  we  have  a  solution  of  the  trick 
by  which  water  was  changed  into  wine  in  the  temple  of  Bacchus,  on  the 
'7th  of  January  at  the  annual  feast  of  the  god,  as  mentioned  by  Pliny.  In 
-others  were  disguised  parUtioiis  forming  varioos  compartments  in  which 
>diSerent  liquids  were  retsined,  and  all  discharged  at  one  orifice  (by  a 
-apecies  of  three  or  four-way  cock)  so  that  those  m  the  secret  conld  draw 
wine,  oil,  or  water,  at  pleasure ;  besides  many  other  mtrry  cmient*,  as  the 
'old  authors  name  them:  There  is  we  think  among  them  abundant  evi- 
■dence  that  our  solution  of  Tutia's  miracle  of  carrying  water  in  a  sieve 
was  the  true  one.  It  is  probable  that  in  som«  of  these  vases,  specimens  of 
the  old  divining  cups  may  be  found. 

The  ingenious  reader  will  not  repine  at  our  inserting  a  specimen 
•of  a  lustral  vase.  We  have  selected  this  because  it  shows  that  me- 
•chanical  as  well  as  hydrodynamical  devices  were  adopted  as  occasionB 
required.  It  shows  also  that  the  mode  of  increa«n^  or  diminishing  the 
pressure  of  a  valve  to  its  seat,  by  a  loaded  lever,  as  ui  the  safety  valve  of 
a  steam  ennne,  was  known — a  circumstance  that  may  be  deemed  quite  io- 
significant  by  some  persons ;  but  attention  to  such  little  things  often 
enables  us  to  arrive  at  correct  estimates  of  an  ancient  device,  and  of  the 
inKenuity  and  fertility  of  conception  of  ancient  devisers. 

Most  readers  are  aware  that  Wy  wUer  was  derived  from  that  of  the 
Heathen.  When  a  worshiper  was  about  to  enter  the  temple,  he  sprink- 
led himself  from  a  vase  of  it  placed  near  the  entrance.  On  some  partioa- 
lar  occasions  the  people  were  sprinkled  by  priests.  (See  an  example  at 
page  196.)  Those  who  celebrated  the  Eleusinian  mysteries  were  parti- 
cularly required  to  wash  their  hands  in  holy  water.  In  the  middle  agei 
the  liquid  was  a  sovrce  of  oonsiderable  profit  to  monks,  and  it  was  even 
a  custom  for  clerks  and  scholars  to  hawk  it  for  sale.  From  Heron's  de- 
scription of  the  following  figure,  (No.  178,)  we  learn  that  heathen  priests 
also  made  it  a  -source  of  revenue ;  the  vessels  containing  lusOal  water  not 
being  always  open  for  public  use,  free  of  charge,  but  closed,  and  like  a 
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chikl'i  monev  box  pnivided  witb  a  slit  at  the  top,  through  which  a  certain 
sum  waa  to  oe  put  before  the  donor  coald  receive  any  of  the   purifying 
In  tlie  vaae  before  uh  five  drachma,  or   about  seventy-five 
e  required,  aiid  it  will  be  perceived  from  the  conBtruclion  of  the 


apparatus  that  no  leu  sum  could  nroc 

might  DC  put  in  as  the  donor  thought  proper.' 
The  device  is  a  very  neat  apecitnen  of  religioua 
ingenuity,  and  the  more  so  since  it  required  no 
attending  minister  to  keep  it  in  pky.    We 
may  judge  of  other  apparatus  belonging  to  the 
old  temples  by  the  talent  displayed  in  this.   A 
portion  of  the  vase  is  removed  in  the  figure  to 
show  the  iuterior.     Near  one  side  is  seen  a 
cylindrical  vessel  at  A.     It   is   this   only   that 
contained  water.     A  small  tube  attached  to  the 
bottom  is  condnued  through  the  side  of  the  vase 
at  o,  where  the  liquid  waa  discharged.   The  in- 
ner orifice  of  the  tube  was  formed  into  the  seat 
of  a  valve,  the  plug  of  which  was  fixed  on  the 
lower  end  of  the  perpendicular  rod,  whose  up- 
per end  waa  connected  by  a  bolt  to  the  hori- 
K*.  178.  Aw^nviH  g(  LMni     jontal  lever  or  vibrating  beam  R,  One  end  of 
R  is  spread  out  into  a  flat  dish  and  so  arranged 
a>  to  receive  on  its  surface  every  thing  dropped  through  the  slit.     The 
lev«r  turns  on  a  pin  or  iulcrum  very  much  Uke  a  pump  handle,  aa  re- 
presented.    The  operadoN  will  now  be  understood.     As  the  weight  of 
the  rod  kept  the  valve  closed  while  nothing  rested  upon  the  broad  end  of 
the  lever,  so  no  liquid  could  escape;  but  if  a  number  of  coins  of  suflBcient 
weight  were  dropped  throu^  the  alic  upon  the  end  of  R,  the  valve 
woidd  then  be  opened  and  a  portion  of  liquid  escape  at  0 ; — the  quantity 
flowing  out, would  however  be  very  small,  not  only  from  the  contracted 
bore  of  the  tube,  but  from  the  fact  that  the  valve  would  be  open  only  s 
moment ;  for  aa  the  lever  be<^ame  inclined  from  ita  horizontal  poaition  the 
pieces  of  money  would  tilde  off  into  the  mass  accumulated  at  H,  and  the 
efflux  would  as  quickly  be  stopped  :  the  apparatus  would  then  be  ready 
to  supply  the  next  customer  on  the  same  terms.     This  certainly  waa  oB 
simple  and  ingenious  a  mode  of  dealing  out  liquids  as  it  waa  a  profitable 
one,  and  aAer  all  waa  not  half  so  demoralizing  as  the  retailing  of  ardent 
spirita  in  modem  times. 

One  would  suppose  tbe  pnblicadon  of  such  a  work  as  Heron's  Spiii- 
tafia  must  have  been  as  distasteAil  to  die  occnpaoU  of  ancient  tenaptes, 
as  some  of  Lather's  writings  were  to  Leo  X  and  hia  associates  of  the 
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CHAPTER   III. 


OwmAui  MlHnbla  HDdldoB  oTik*  |nu  panioa  ttiia  kimu  n«  !■  fit  tlBM—Srifhur  pn^Kft 
fcr  pmttrily— l»ariMie  hqUtb  tttmn  WnnJtra  ofjUm  Ito  bmlleUl  ]  »1»  ■■  w  on  mmMh  fliUrj  J—dny 
—Win  mpinsd*  ■nrlj'  all  banu  drwlierT— Pn(ni>  sr  Ibi  Btt~CuH  wky  lUui  ni  ■«  IbrMil^ 
■■plojad — P(Ka  bolUof  vivr  Kad  pf  lAltiM  fllpaidlDBiiU  bjr  AMAlaa — SUUb  ■■  t§t»t  ia  warknf  prtdi- 
|iH— Priau  fUlliu  with  •Mu-«urUh)«  ba)M-~«Htlilif  biiiw>— E>iiki)uki>— AnUatBim  ud 
Zu»— Hot  bubi  ■■  Kmw— Ball  npporud  •■  a  itt  ct  un^  mm  tba  Bpirlulw-Jlanw'i  wUrluf 
iMOfikMinaaiuupriBelirie— £ollpl]ui]ticrllwdlirVllnTiu— Tb*k  urinaiM 

llUrof  Ikapdtfln  coaalriKtuii  aad  vorklvf  tt^ 
■ipkiTod  In  BiKLanl  wua  to  pn)j«ct  Hrf  u^  Dfllqiild 


If  wB  contemplate  the  post  hiatoir  of  man,  we  Bhall  find  that,  witlt  « 
few  insigniticaDt  exceptiona,  the  entire  race  hu  been,  mi  it  were,  doomod 
to  support  an  existence  surcharged  with  misery.  From  the  eariieat  pe- 
riods of  recorded  time,  we  behold  the  great  mass  slaves  to  an  organised 
despotism  which  a  few  cnSiy  spirits  entailed  uppn  the  species — a  despo- 
lism  both  mental  and  physical — to  subdue  the  body  and  enthrall  the  mind 
— political  and  eiiclesiastical  despotism.  To  the  neglSct  of  mental  cultiva- 
tioD  alone,  these  evils  are  to  be  attributed ;  for  in  every  age  men  have  had 
die  latiu  elements  of  prosperity  and  of  happiness.  The  earth  aad  ita 
treasures  have  always  been  at  their  disposal,  and  the  natural  capacitieB  of 
the  human  intellect,  have  probably  always  been  the  same.  It  is  the  im> 
provement  of  these  capacities  by  culture,  and  their  degeneracy  by  neglect, 
that  nuke  all  the  differences  in  men's  condition.  The  horrible  sufferings 
of  the  myriads  of  human  beings  who  have  passed  through  a  life  of  utH 
ceasing  and  unrequited  toil,  were  owioe  to  their  inorance,  and  hence  iho 
tyrants  of  the  earth  have  always  labored,  and  still  labor,  to  keep  those 
uninformed  that  are  subject  to  their  sway.  Ignorance  was  the  grand  en- 
gine by  which  the  most  atrocious  systems  of  tyranny,  superstition  and 
magic  were  established  in  ancient  tunes ;  and  whose  influences  are  not 
yet  done  away. 

But  within  the  last  two  centuries  a  new  era  has  opened  with  brighter 
prospects  for  the  human  family  at  large,  than  has  ever  yet  dawned  upon 
It.  An  era  that  has  been  ushered  in  by  the  discovery,  or  rather  applica- 
tion, of  a  new  motive  agent,  viz.  stkam.  The  wonderful  effects  which 
this  fluid  has  be«n  made  to  produce,  are  so  creditable  to  the  human  intel- 
lect, and  so  fraught  with  consequences  of  the  highest  import  to  our 
race  in  all  times  to  come,  as  to  e^tclte  even  in  the  most  torpid  mindf 
emotions  of  stirring  interest  Steam  is  changing  every  thin^,  and  every 
thing  for  the  better.  It  has  opened  new  sources  of  social  and  indi- 
vidual happiness :  nor  is  tta  influence  confined  to  the  physical  condi- 
tion of  man,  for  by  its  connection  with  dte  tnanuiactnre  of  paper  and  wid) 
the  printing  preia,  it  haa  done  more  to  rouae  and  exerdse  the  moral  aad 
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tntsllecttia]  eneivieB  of  our  natore  than  uiy  thing  else ;  and  liaa  impartect 
a  vigorous  impulse  to  tbem,  aa  well  u  to  the  useful  arts.  As  all  the  ad- 
▼antages  derived  io  modem  times  &om  oteam  oridnated  in  attempts  ta 
raite  toaler  by  it,  we  need  offer  no  apology  for  indulging  in  some  preli- 
minary remarks. 

What  A  proof  is  steam  of  the  stores  of  ffl«(iiv,^>r^[M  that  are  to  be  found 
in  the  inorganic  world  !  Forces  that  can  render  us  incalculable  service, 
if  we  would  but  open  our  eyes  to  delect,  and  exercise  our  energies  to 
employ  them.  Who  could  have  supposed  two  centuries  ago,  that  the  sim- 
ple vapor  of  water  would  ever  be  used  aa  a  substitute  for  human  exertions, 
and  should  relieve  man  from  a  great  portion  of  the  physical  toil  under 
which  he  has  groaned  from  the  beginning  of  the  world  I  That  it  would 
arm  him  with  a  power  which  is  irreaiBlibte,  and  at  the  same  Ume  the  most 
pliant — one  that  can  uproot  a  mountain,  and  yet  be  controlled  by  a  child  I 
Who  could  have  lAm  imagined  that  a  vessel  of  boilinf  water  should  im- 
part motion  to  machinery  in  every  department  of  the  arts,  and  be 
equally  adapted  to  all — should  spin  and  weave  threads  6ne  as  those  of  the 
gossamer ;  and  forge  tons  of  iron  into  single  bars  with  almost  equal  rapi- 
dity and  case — raise  water  from  mines,  ia  streams  equal  to  rivers  ;  ^id 
extract  mountains  of  tnineral  from  the  bowels  of  the  earth — should 
propel  carriages,  such  as  no  horses  could  move,  with  the  velocity  of  wind ; 
and  urge  ships  of  every  class  through  the  ocean,  in  spite  both  of  winds 
and  waves — should  be  the  means  of  circulating  knowledge  at  the  price  of 
waste  paper,  and  of  awakening  and  stimulating  the  mental  capacitiei 
of  men  I  In  a  ward,  that  a  Uttle  aqueous  vapor  should  revoludonize  the 
whole  social  and  political  condition  of  man :  and  that  after  havinv  done 
all  this,  that  it  should  probably  ?iva  place  to  other  agents,  still  more 
powerful  and  beneficial,  which  science  and  observation  should  discover. 

What  a  proof  is  steam  of  the  high  destiny  that  awaits  our  species  I 
The  most  lervid  imaginauon  cannot  realize  the  importance  of  those  disco- 
Teriea  in  science  and  the  arts,  of  which  it  is  merely  the  forerunner;  the 
first  in  that  new  catalogue  of  motive  agents  that  are  ordained  to  changn 
the  condition  of  men,  and  to  regenerate  the  earth;  for  all  that  is  yet  done 
is  but  as  the  twilight  that  ushers  in  the  orb  of  day.  Hitherto  man  haj 
been  comparabvely  asleep,  or  in  a  state  reoembline;  it— -insensible  of  the 
rich  inheritance  which  the  Creator  has  placed  at  his  disposal  in  the  elas- 
tic fiurds,  and  of  their  adapCadon  to  impart  motion  to  every  species  of  men- 
chanism.  How  few  persons  are  aware  that  the  grand  invention  of 
imparting  motion  to  a  piston  by  steam  and  other  clastic  fluids,  is  the  pivot 
an  which  the  chief  affairs  of  the  world  ia  destined  hereafter  to  turn  t 
And  the  time  is  not  distant  when,  by  means  of  it,  the  latent  energy  of  the 
gases,  or  other  properties  of  inert  matter,  will  supersede,  in  a  great  de- 
gree, the  drudgery  of  man — will  perform  nearly  all  the  labor  which  the 
bones  and  sinews  of  our  species  have  hitherto  been  doomed  to  accomplish. 
There  are  persons,  however,  whose  minds  biased  by  the  eternal  bondage 
in  which  the  mass  of  our  race  has  always  been  held,  who  will  startle 
at  the  idea  of  the  whole  becoming  an  intelligent  and  highly  intellectual 
body.  They  cannot  conceive  how  the  affairs  of  life  are  to  be  continued 
— the  execution  of  innumerable  works  which  the  constitution  of  society 
requires  should  be  performed,  if  these  helots  become  free.  But  can  they, 
can  any  one,  seriously  believe  that  the  all-wise  and  benevolent  Creator 
could  possibly  have  intended  that  the  highest  class  of  beings  which  he 
has  placed  on  this  planet — the  only  one  capable  of  appreciating  his 
works  and  reatizins  correct  ideax  of  his  attributes — that  the  great  por- 
bon  of  these,  ahoiud  pass  through  life  in  incessantly  toiling  for  mere 
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food ;— «nd  iiiulergoing  privadans  and  anKrings  to  obtain  it,  from  which 
tbe  lowest  BoimiJa  are  exempt  1  Aaauredly  not.  Had  auch  been  hia 
design,  be  would  not  bave  created  tbem  witb  &culties  expreaaly  adapted 
for  nobler  purauits. 

It  is  tbe  glory  of  modem  icience,  tbat  it  calls  into  tegitimate  use 
botb  tbe  physical  and  mental  powers  of  man.  It  rewards  bim  witb  nu- 
merous forces  derived  from  inammate  nature,  and  instructs  him  in  tbe 
application  of  tbem,  to  all,  or  nearly  all,  the  purposes  of  life  ;  and  even- 
tually it  will  require  from  bim  no  greater  amount  of  physical  toil,  than 
what  conduces  to  tbe  full  development  of  all  the  ener^es  of  his  com- 

touod  nature.  It  is  destined  to  awaken  tbat  mass  of  intellect  which  has 
itherto  lain  dormant,  and  been  all  but  buriod  in  tbe  laboring  classes ; 
and  to  bring  it  into  acdve  exercise  for  tbe  benefit  of  the  whole.  And  for 
augbt  we  know,  tbe  "  iteui  earth,"  spoken  of  in  tbe  scriptures,  may  refer 
to  that  state  of  society,  when  science  bas  thus  relieved  man  from  all  inju- 
rious labor — when  he  will  walk  erect  upon  the  earth  and  subdae  it, 
radier  by  his  intellect  than  by  the  sweat  of  bis  brow — when  the  curse  of 
ignorance  will  be  removed,  and  with  it  tbe  tremendous  punishment  tbat 
has  ever  attended  it  Then  men  will  no  longer  enter  in  bIiobIs  into  a  new 
State  of  existence  in  another  world,  as  utterly  ignorant  of  the  wonders  of 


wisdom  in  this,  oa  if  they  had  never  beou  in  it,  and  bad  not  pos- 
sessed faculties  expressly  adapted  to  Study  and  enjoy  ibem. 

There  is  no  truth  in  tbe  obserradon  of  some  people,  that  all  disonvenes 
of  importance  are  already  made ;  on  the  contrary,  the  era  of  scienufio 
research  and  the  applicauoD  of  science  to  tbe  arts  may  be  considered  as 
but  commenced.  The  works  of  creation  will  forever  fumisb  materials  for 
the  exercise  of  the  most  refined  intellects,  and  will  reward  their  labors 
witb  a  perpetual  succosuon  of  new  discoveries.  The  progress  which  bas 
been  made  in  invesUgaUng  the  laws  tbat  govern  the  aqueous,  atmospberi- 
csi,  mineral  and  vegetable  parts  of  creadon,  is  but  a  prelude  to  what  is 
yet  to  be  done— it  is  but  tbe  clearing  of  the  threshold  preparatory  to  the 
portals  of  the  temple  of  science  being  thrown  open  to  tbe  world  at  laige. 
There  is  no  profession  however  matured,  no  art  however  advanced,  that 
is  not  capable  of  further  improvement ;  or  tbat,  so  for  as  we  can  tell,  will 
not  always  be  capable  of  it.  If  on  art  be  earned  to  the  utmost  perfeedoa 
it  is  capable  of  in  one  age,  discoveries  in  others  will  in  time  be  made,  by 
means  of  which  it  will  be  sdll  further  advanced  ;  for  every  improvement 
in  one  has  an  effect,  more  or  less  direct,  on  every  other. 

The  benefits  already  derived  from  steam,  then,  are  bnt  as  a  drop  to 
tbe  ocean  when  compared  witb  those  that  posteri^  will  realise ;  for  if 
such  great  things  have  been  accomplished  by  it  in  one  century,  whet  may 
not  be  expected  in  another  ?  and  another  1  It  bss  been  calculated  that 
two  hundred  men,  with  machinery  moved  by  steam,  now  manofacture  as 
much  cotton  as  would  require  twenty  millions  of  persons  without  ma- 
chines ;  that  is,  one  matt  by  the  applicadon  of  inorganic  modve  agents  can 
now  produce  the  same  amount  of  work  that  formeriy  required  one  hun- 
dred thousand  men.  Tbe  annual  product  of  machinery  in  Great  Britain, 
■  mere  spot  on  tbe  earth,  would  require  tbe  physical  ene^es  of  one  half 
tbe  inhabitants  of  the  globe,  or  four  hundred  millions  of^men  ;  and  tbe 
Tarioua  applications  of  steam  in  different  parts  of  the  world  now  produce 
an  amount  of  useful  labor,  which  if  performed  by  manual  strength  would 
require  the  incessant  exertions  of  every  human  being.  Hence  this  great 
waount  of  labor  is  so  much  gained,  since  it  is  tbe  result  of  inorganized 
fiiTCes,  and  consequently  contributes  so  much  to  tbe  sum  of  human  hs|>pi- 
Deat.     Now  if  lucb  results  have  been  brought  about  so  quickly  and  by 
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■team  olcme,  what  m&y  not  be  expeoted  from  it,  and  other  afinform  fluids, 
in  ages  to  come,  when  the  progressive  improvement  of  every  art  and 
every  science  shall  have  brought  to  light  not  only  other  agents  of  the  kind, 
but  more  efficient  means  of  employing  them  1  There  is  no  end  to  the 
beneficial  applicaticna  of  the  gases  as  motive  agents,  and  no  limits  to  the 
power  to  be  derived  from  them.  As  long  as  rain  falls  or  rivers  flow — 
iivhile  trees  (for  fiiel)  grow,  or  mineral  coal  is  found,  man  can  thtis  wield 
a  power  that  renders  him  almost  omnipotent. 

The  question  may  be  asked,  why  was  not  the  elastic  force  of  steam 
earlier  used  as  a  soaica  of  motive  power  f  Beoanse,  as  we  observed  be- 
fore, men  n^leeted  to  employ  those  powers  of  reflection  and  invention 
which  &od  had  given  them.  It  certamly  formed  no  part  of  the  Creator's 
plan  of  governing  ih«  world  that  they  should  hare  so  long  remuned  ig- 
norant of  its  appttcation.  He  has  placed  man  at  the  head  of  creation  and 
fbmiahed  him  vnth  powers  appropriate  to  his  position.  Every  object  in 
nature  he  can  use  ibr  good  or  for  evil.  They  are  the  materials  from 
which  he  may,  as  an  expert  machinist,  fabricate  at  will  all  that  hia  wants 
require  :  he  may  prostitute  them  to  d>e  miseries  of  himself  and  his  fel- 
lows ;  or  he  may  neglect  them  to  the  injury  of  all.  It  is  the  order  of 
nature  that  her  latent  resources  shall  be  aiscovered  and  applied  by  diligaU 
raearek.  Hence  some  of  the  finest  specimens  of  the  Creator's  wisdom 
can  only  be  appreciated  after  careful  study,  a  fact  which  is  itself  a  proof 
of  his  wisdom  and  beneficence,  since  their  realization  is  thus  held  out 
as  an  inducement  to  investigate  them. 

Steam  has  of  course  been  noticed  ever  rince  the  heating  of  water  and 
boiling  of  victuals  were  practiced.  The  daily  occurrence  implied  by  the 
expression  "  the  pot  boils  over"  was  as  common  in  antediluvian  as  in  mo- 
dern times  ;  and  hot  water  thus  raised  was  one  of  the  earliest  observed 
facts  connected  with  the  evolution  of  vapor.  From  allusions  in  the  moM 
ancient  writings,  -wa  may  gather  that  the  phenomena  exhibited  by  steam 
were  closely  ooserved  of  old.  Thus  Job  m  describing  Leviathan  alludes 
to  ^e  puffs  or  volumes  that  issue  ^m  under  the  covers  of  boiling  vessels, 
"  By  his  neesings  a  light  doth  shine,  and  his  eyes  are  like  the  eyelids  of 
the  morning ;  out  of  his  nostrils  goeth  smoke  [steam]  as  out  of  a  seething 
pot  or  cantdron."  In  the  early  use  of  the  vessels  last  named,  and  befors 
experience  had  rendered  the  management  of  them  easy  and  safe,  females 
would  naturally  endeavour  to  prevent  the  savory  contents  of  their  pots 
from  flying  off  in  vapor;  hence  attempts  to  confine  it  by  covers;  and 
when  these  did  not  fit  sufficiently  close,  a  eloth  or  tome  similar  substance 
interposed  between  it  and  the  edge  of  the  vessel,  would  readily  occur; 
and  a  stone  or  other  weight  placed  upon  the  top  ta  Iceep  all  light  would 
also  be  veir  natnral.  Then  as  the  fluid  began  again  to  escape,  further 
efibrts  woidd  be  made  to  retain  it  by  additional  weights.  In  this  manner, 
doubtless  many  a  contest  was  kept  up  between  a  pot  and  its  owner,  till 
one  gained  the  victory ;  and  we  need  not  the  testimony  of  historians  to 
determine  which  this  was.  In  those  times  it  was  not  generally  known 
that  a  boiling  cauldron  contained  a  spirit,  impatient  of  control— -that  the 
vessel  was  me  generator  of  an  irresistible  power,  and  the  cover  a  safety- 
valve  ;  and  that  the  preservadon  of  the  contents  and  the  security  of 
the  operator  depended  upon  letting  the  cover  alone,  or  not  overloading 
it : — iience  it  no  doubt  olten  happened  that  the  confined  vapor  threw  ont 
the  contents  with  violence,  and  tlien  it  was  that  primitive  cooks  began  to 
perceive  that  there  was  death  as  well  as  life  in  a  boiling  pot.  In  this 
manner,  we  suppose  females  were  the  first  experimenters  on  steam,  and 
the  earliest  witnesses  of  steam  boiler  explosions. 
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The  domestic  ezbibhionj  of  dw  force  of  >te«a  muit  have  excited  the 
■tteotioD  of  mechaaiciaiu  in  every  age,  aot  oould  iu  capabkities  of  over- 
coming rediataoces  opposed  to  it,  have  esc^Md  them.  Thui  we  find  that 
experimenteri  are  almoat  alwayi  said  to  have  derived  the  firat  hint  from 
a  culinary  vemel :  hence  the  Marquis  of  Worcester,  according  to  a  tndi- 
don,  had  his  attention  drawn  to  the  use  of  this  fluid  to  raise  water,  by 
witnessing,  while  a  prisoner  in  the  Tower  of  London,  the  lid  of  a  boiler 
thrown  on  by  the  vapor — but  the  anecdote  is  of  much  older  date,  and 
was  applied  to  m&ny  oLhers  before  hi*  time  as  well  as  since.  Vitruvius 
illustrates  his  views  respecting  the  appearance  of  springs  on  mountuos, 
by  a  cauldron  which,  he  says,  when  two  thirds  filled  with  water  and  heat- 
ed by  the  fire,  "  communicates  the  heat  to  the  water ;  and  this  on  scconot 
of  its  natural  porosity,  receiving  a.  strong  inflation  from  the  heat,  not  only 
fills  the  vessel,  but  swelling  with  the  atesm  and  raitiMg  tie  cover,  over- 
flows," &c.  (Book  viii,  chap.  3.)  Such  occurrences  are  nature's  hinta, 
b^  attention  to  which  iniportant  diacoveries  have  always  been  made. 
Even  when  people  in  former  limes  were  injured  by  the  explosion  of  a 
cauldron,  the  iniafarCune  should  have  been  considered  as  an  indication  i^ 
nature  to  employ  the  force  thus  developed— and  also  as  a  punishmetit 
for  having  neglected  to  do  SO.  Nay,  we  don't  see  why  such  occurrences 
may  not,  id  this  view  of  them,  be  conwdered  prooideMtial,  as  well  as  simi- 
lar ones,  which  tbeologica)  writers  avail  themselves  oi^  to  establish  a 
aimilar  doctrine. 

There  are  intimations  that  the  elastic  force  of  steain  was  employed  by 
aeveral  people  of  antiquity,  but  the  details  of  its  application  at«  unlbrtu- 
nately  not  known.  Some  relics  of  its  use,  as  well  as  that  of  heated  air, 
■re  to  be  found  in  the  deceptions  prseticed  by  the  heathen  priesthood.  Its 
Implication  for  aimLUr  purposes  was  continued  till  comparatively  modem 
times,  for  it  was  the  animaung  principle  in  the  eolipilic  idols  of  the  middle 
■get;  and,  from  an  incidental  notice  of  some  experiments  of  a  Greek  archi- 
tect, it  is  probable  that  the  trembling  of  the  earth,  and  other  horrors  expe- 
rienced by  those  who  were  initiated  into  the  greater  mysteries  of  ancient 
worahip,  were  also  effected  by  steam.  Artificial  thunder,  lightning  from 
the  vapor  of  inflammable  liquids,  and  unearthly  music,  were  produced  by 
its  means.  Some  of  the  tricks  performed  by  the  Pythoness  and  her  co- 
adjutors at  Delpbos  seemed  to  have  been  matured  by  IL  The  famous 
tnpod  against  which  she  leaned  is  represented  oa  a  brazen  vessel  front 
wbich  a  miraculous  vapor  arose.  Steam  was  one  of  the  agents  of  decep^ 
tion  in  trials  of  ordeal.  Those  persons  condemned  to  undergo  that  of 
boiling  water,  were  protected  by  the  priests  (when  it  was  their  interest 
or  inclination  to  do  so)  by  admitting  a  concealed  streva  of  steam  into  the 
lower  part  of  the  cauldron  oontMning  tepid  water — the  consequent  agita- 
tion of  the  liquid  and  the  ascent  of  the  vapor  that  escaped  condensatioii 
presented  to  the  ignorant  and  unsuspecting  beholders  every  appearance 
of  genuine  ebullition.  On  umilar  occaflons  air  was  forced  through  the 
illquid  in  the  dark  ages. 

Ancient  priests,  both  aniong  the  Jews  and  heathen,  were  from  their 
-ordinary  duties  necessarily  conversant  with  the  generation  of  steam.  Ita 
.elastic  fierce  could  not  therefore  escape  the  shrewd  observers  among  them. 
iSacrlfices  were  frequently  boiled  in  huge  cauldrons,  severaJ  of  which  were 
permaoenlly  Gsed  in  the  vicinity  of  temples — in  "  the  boiling  places"  as 
their  locations  are  named  by  Eiekiel,  "  where  the  ministers  of  the  house 
shall  boil  the  sacrifice  of  the  people.  "  (See  an  example  from  Herodotus 
•at  page  300.)  It  would  seem  moreover  as  if  some  of  the  boilers  were 
imade  on  the  principle  of  Fapin's  Pigester,  in  which  bones  were  soflened 
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by  '  lugh  steam'— «t  any  me  a  dininction  is  ituida  between  Mediing  pou 
and  cauidrons,  and  from  the  manner  in  which  both  are  mentioDed  tbay 
Kern  to  have  been  designed  for  different  purpose*  ;  the  former  to  seethe 
or  soften  bones,  the  latter  to  boil  the  flesh  in  only,  "  They  masted  th« 
passover  with  fire,  but  the  other  offerings  sod  they  in  pots  and  in  caul- 
drons." (2  Chr.  chap,  xxxv,  13.)  "  Set  on  a  pot,  set  it  on,  and  also 
pour  water  into  !l  Gather  the  pieces  thereof  into  it,  even  every  good 
piece,  the  thieb  and  the  shoulder ;  fill  it  with  the  choice  bones.  Take 
the  choice  of  the  Rock  and  burn  [or  heap]  also  the  bones  under  it,  and  make 
it  ioil  vxU,  and  let  them  ttd:he  the  botu*  of  it  therein."  (Exek.  xxiv.  3,  fi.) 
The  opinion  of  the  Jews  having  close  vessels  in  which  steam  was  raised 
higher  than  in  common  cauldrons  is  also  rendered  probable  from  the  fact 
tut  the  Chinese,  a  contemporary  people,  employ  similar  ones,  and  whi^ 
from  their  tenacity  to  ancient  devices  nave  probably  been  used  by  them 
from  times  anterior  to  those  of  the  prophet.  (Davis'  Chinese,  li,  271. 
John  Bell's  Travels,  i,  296  and  ii,  13.) 

Simitar  processes  have  been  common  with  chemists  in  all  ages,  in  the 
making  of  extracts,  and  sometimeB  in  preparing  food.  There  is  an  ex- 
ample in  Porta's  Natural  Magie.  He  tells  us  (in  the  xiii  chap,  on  distil- 
lation) that  he  haa  restored  persons  at  the  point  of  death  to  health  by  "  aik 
essence  extracted  out  of  flesh."  He  directs  three  capons  to  be  dressed 
and  boiled  "  a  tuioU  day  in  a  glass  vessel  dote  tlopt,  unbl  the  bones  and 
flesh  and  all  the  substance  be  dissolved  into  liquor." 

Some  of  the  ancient  philosophers,  who  were  close  observers  of  nature, 
compared  the  earth  to  a  cauldron,  in  which  water  is  heated  by  internal 
fires ;  and  they  explained  the  phemoneua  of  earthquakes  by  the  accnnm- 
lation  of  steam  in  subterraneous  caverns,  until  its  elastic  energy  rends  the 
■uperincumbent  strata  for  a  vent.  Vitruvius  explains  by  it  ibe  existence 
of  boiling  springs.  In  the  reign  of  Justinian,  Anthemius,  an  architect  and 
mathematician  illustrated  several  uattiral  phenomena  by  it ;  but  of  this  we 
should  probably  never  have  heard,  had  it  not  been  for  a  quarrel  between 
him  and  his  next  door  neighbor,  Zeno,  the  rbetoriciao.  This  orator 
appears  to  have  inherited  a  considerable  share  of  credulity  and  supersd- 
Cion,  which  gave  his  antagonist  the  advanta^.  Anthemius,  we  are  in- 
formed, had  several  steam  boilers  in  the  lower  part  of  his  house,  from 
each  of  which  a  pipe  conveyed  the  vapor  above,  and  by  some  mechamsm, 
of  which  no  account  haa  been  preserved,  he  shook  the  house  of  his  enemy 
as  by  a  real  earthquake,  upon  which  the  frightened  Zeno  rushed  to  tM 
senate  "  and  declared  in  a  tragic  style  that  a  mere  mortal  must  yield  to 
the  power  of  an  antagonist  who  shook  the  eartb  with  the  trident  of 
NeptQue." 

There  are  reasons  for  believing  that  the  expansive  force  of  the  steam 
which  was  evolved  in  heating  the  immense  volnmes  of  water  for  the  bot 
baths  at  Rome,  was  employed  to  elevate  and  discharge  the  contents  of  the 
boilers.  Sir  W.  Oell  has  given,  in  his  Fompeiana,  a  representation  of  4 
set  of  cauldrons  belonging  to  the  Tbermre,  at  Pompeii,  derived  from  im- 
presdons  left  in  the  mortar  or  cement  in  which  they  were  embedded.  It 
vould  seem  that  several  series  or  sets  Were  used,  each  consisting  of  three 
dote  boilora  (in  shape  not  unlike  modem  stills,)  placed  directly  upon,  and 
connected  by  pipes  to  each  other.  The  manner  in  which  they  were  con- 
nected is  not  known;  Qell  says  by  a  species  of  siphon.  The  lowest 
boiler  was  the  largest  and  was  placed  directly  over  the  furnace;  and  the 
arrangement  was  such,  that  when  any  part  of  the  boiling  liquid  was  with- 
drawn, an  equal  quanuty,  already  warmed,  entered  from  the  next  boiW 
abon,  which  at  the  same  time  derived  a  supply  from  the  uppermost  one; 
60 
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lam.     Rem&ini  of  the  pipes,  cocks,  copper  Suea,  Sk.  luve  been  found  in 
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abnndftnco,  but  tbe  details  nf  tlie  beating  apparatDs  e 
witb  the  elevation  and   diatribution   of  the   liquid   I 


I  alao   heated   water  by 
I   furnace.     (See   Pompeii, 


uid  those  connected 
I  Dot  been  aacer- 
tuned  :  this  is  to  be  regretted  because,  from  the  number  and  masnitado 
of  the  hot  baths  at  Home,  the  aperatioaB  of  boiling  and  disperBing  tbe 
water  must  have  been  condnctea  on  a  scale  far  more  extensive  than  any 
thing  in  modem  times — tbe  most  extenatTO  breweries  and  distilleries 
not  excepted.  Some  idea  of  the  operations  may  be  derived  from  ihe  fact 
tbkt  a  single  eitabtishment  could  accommodate  two  thoasand  persons  with 
warm,  or  rather  hot,  baths  at  the  same  time.  Seneca,  in  a  letter  to  Luci- 
lins,  says  "  there  is  no  difference  between  the  heat  of  the  baths  and  a 
hmlUtg Jimtaee ,-"  and  it  would,  he  obaerrei,  appear  to  a  reasonable  man 
oa  a  sufficient  punishment  to  wash  a  condemned  criminal  in  tbem.  The 
peraons  who  hod  the  charge  of  heating  in  close  vessels  and  distributing 
daily  such  targe  quantities  of  water,  must  necessarily  have  been  conver- 
•ant  witb  the  mechanical  properties  of  steam,  and  with  economical  modes 
of  generating  it,  In  some  cases  the  water  wa*  heated  hy  passing  through 
a  coiled  copper  tube,  like  a  distiller's  worm,  which  was  embedded  ii 
We  have  previously  remarked  that  the 
making  it  pass  through  the  hollow  grates 
▼ol.  i,  196,  and  G^ell's  Pompeiana.) 

Besides  the  various  applications  of  heated  air  and  of  vapor  already 
notieed,  there  is  in  problem  XLV  of  Heron's  Spintalia,  a  dascnption  of 
tt  close  boiler,  from  the  upper  part  of  which  a  current  issues  that  supports 
at  some  distance  above  the  boiler  a  light  boll  like  those  that  are  made  to 
play  on  jets  of  water.  (See  the  annexed  tigura,  No.  179.)  The  whir- 
ling eolipile.  No.  180,  is  the  subject  of  problem  L — and  is  the  earliest 
representation  of  a  machine  moved  by  steam  that  is  extant.  It  coiisisu 
of  a  small  hollow  sphere,  from 
which  two  short  tubes  proceed 
in  the  line  of  its  axis,  and  whose 
ends  are  bent  in  oppodte  direc- 
tions. The  sphere  is  suspend- 
ed between  two  columns,  theb 
npper  ends  being  pointed  and 
bent  towards  each  other.  One 
of  these  columns  was  hollow  and 
conveyed  steam  from  the  boiler 
into  the  sphere,  and  the  escape 
of  tbe  vapor  from  the  small 
tubes  by  its  reaction  imparted  a 
revolving  motion  tr>  tbe  sphere. 
These  two  applications  of  steata 
have  been  considered  tbe  result 
of  a  fortunate  random  thought, 
which  Heron,  or  some  other  old 
mechanic,  stumbled  on  by  a  speoies  of  chance  medley,  whereas  they  cer- 
tainly indicate  an  intimote  though  it  may  be  a  limited  acquaintance  witb 
the  mechanical  properties  of  that  fluid.  We  should  never  suppose  that 
this  elegant  application  of  the  jet  to  sust^n  a  ball  in  the  air  was  the  fmit 
of  a  iirst  attempt  to  use  steam,  much  less  that  the  complex  movement  of 
the  whirling  eolipile  was  another  thought  of  the  moment.  Did  any 
modem  experimenter  in  hydraulics  ever  nit  upon  the  suspension  of  a  ball 
by  a  jet  of  water  in  his  Brat  essays,  or  devise  Barker's  imll  at  a  sitting. 


Ho.  IT*. 


■■"K'^ 


Ckap.  3.]  JBel^eei  4eicriUd  &y  VUrmvitu,  89$ 

without  liATiiig  ever  faeard  of  either  I  No  more  than  any  old  meehaniciMi 
ever  invented  the  above  before  experiniental  reiearcheB  on  Bteam  had  be- 
came familiar  to  him,  if  not  to  hii  conlemporariea.  BeBidea,  there  have 
been  within  the  Laat  half  century  not  teu  than  half  a  dozen  paiaU*  taken 
oat  for  rotary  ateam  engines  identical  in  principle  with  the  whirling 
eolipile.  The  &ct  leema  to  be  that  Heron  telected  the  two  dericea 
above,  on  the  same  principle  ai  the  rest  of  the  illuBtrvdona,  i.  e.  such  aa 
in  his  judgment  would  be  the  most  interesting.* 

From  a  remark  of  Vitruvius  in  the  first  book  of  his  Architecture,  chap.  6, 
we  learn  that  those  portable  steam  machines  named  EclipUet,  (from  Eolna 
the  god  of  wind,  and  tbeir  application  to  create  artificial  winds)  were  in 
common  use  in  his  time.  Speakbg  of  the  town  of  Mytiiene,  be  observes 
that  the  inhabitants  were  subject  to  ccJds,  in  those  seasons  when  cer- 
tain winds  blew ;  and  which  mieht  have  been  in  some  degree  avoided 
by  a  more  proper  disposition  of  toe  streets.  "  Wind,  [he  remarks]  is  oolj 
•  current  of  air,  flowing  with  uncertaiu  motion ; — it  anses  from  the  action 
of  heat  upon  moisture — the  violence  of  the  heat  forcing  out  the  blasts  of 
ur.  That  ibis  is  the  fact,  lAt  bratt  ttiipUt  make  evident ; — for  the  op- 
erations of  the  heavens  aiid  nature  tna^  be  discovered  by  the  action  of 
artilicial  machines.  Thtie  brau  telipdei  are  Aolimo  and  have  a  very  *ar- 
TOV  aperture,  by  tokieh  they  are  filed  vMk  water,  and  then  placed  em  the 
fire : — iefore  they  become  hot,  they  etitit  no  ^Utvia,  but  at  tooit  a*  the  water 
hegint  to  hod,  ihiy  tend  Jitrih  a  vfhemeiU  blatt."  As  these  instraiDenlS 
have  been  adapted  to  a  great  variety  of  purposes,  as  well  as  being  inti- 
mately connected  with  this  part  of  our  sobject,  we  shall  notice  them  with 
some  detail.  From  the  times  of  Vitruvius  to  those  of  Des  Cartes,  and  up 
to  the  present  century,  they  have  been  used  as  philosophical  instruments 
to  illustrate  the  nature  of  winds  and  meteors,  as  well  as  for  other  scien- 
tific pursuits.  They  were  used  as  substitutes  for  bellows  in  blast  fiima> 
ces  and  ordinary  fires.  The  draft  of  chimneys  was  increased  by  means 
of  them.  They  were  made  to  produce  music  and  disperse  perfumes. 
They  constituted  the  distilling  vessels  of  the  alchymiats,  and  in  another 
form  were  employed  as  weapons  of  war,  and  were  even  deified  in  the 
(faOM  t^olf  of  old.  They  were  the  first  instruments  employed  to  raise 
water  by  steam,  and  the  first  to  produce  motion  by  it ;  and  hence  they 
oonstituta  the  germ  of  modem  steam  engines,  to  which  we  may  add  that 
they  led  to  the  invention  of  steam  guns.  (See  Martin's  Philosophy,  vol. 
ii,  90.)  They  are  commonly  made  of  iron,  brass,  or  strong  copper,  hav- 
ing a  short  neck  in  which  a  very  minute  openiDg  is  made.  In  order  to 
charge  one  with  water  (or  other  Uquid)  it  is  placed  on  a  fire  until  nearljr 
red  hot;  it  is  then  taken  off,  and  the  neck  placed  in  water  or  the  whole 
plunged  in  it,  which,  aa  the  vessel  cools,  taVes  the  place  of  the  air  driven 
out  by  the  heat.  It  is  then  placed  on  a  braiier  of  charcoal  or  other  firo 
until  steam  is  rapidly  erolvea  and  diw^arged  with  violence  at  the  orifice, 

Vitruvius  has  not  mentioned  the  particular  purposes  for  which  eolipiles 
were  used  by  the  Romans.  It  is  however  known  that  they  were  em- 
ployed as  bellows  for  exciung  fires ;  and  as  this  was  not  for  want  of  the 
latter  instrameots,  they  most  have  had  properties  which  rendered  them 


'  Bills  dancing  on  jels  at  witer  snil  irir.  were  s  ftTorils  aocompsninienl  of  tba  old 
nrden  wuer  wotin,  snd  hydraulic  oigmt,  Ae.  otlaij,  (rhers  ths  dsTiee  bai  prsbsbly 
baeo  in  um  «Dce  ihg  limei  of  the  Republie  :  ths  amnHmeol  ofehjldran  wilh  pass  on 
ths  andi  oT  lobacea  pipn  or  reedi  i*  in  imitation  of  it :  tiie  cuininl  of  sit  blowa 
Ihrough  the  perpsndieular  lube  keepi  the  Xiaj  globs  sonM  uichei  above  the  orifice, 
wbara  its  tnotions,  virying  with  the  fores  of  lbs  current,  produee  a  Tsr;  afreetbia 
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preferablo,  OQ  some  occasions,  to  bellows.  One  perhaps  wu  their  occo- 
pying  little  room  on  the  hearth  ;  and  another,  their  requiring  no  attendant 
to  keep  up  the  blut  It  has  already  been  observed  (page  237-8,)  that 
human  bellows-blowers  farmed  part  of  the  large  domestic  esCablishmenia 
in  ancient  Egypt,  and  Nos.  103  and  104  of  our  illustrationa  represmt 
some  at  work  in  one  of  the  kitchens  of  the  Pharaohs.  The  practice  was 
probably  common  amongalt  the  celebrated  nations  of  old,  and  we  know 
that  it  was  conlinueii  in  Europe  till  the  sixteenth  century  if  not  lator. 
To  supersede  these  workmen  might  therefore  have  been  one  reason  for 
the  employment  of  eolipiles.  ' 

In  a  Latin  collection  of  "  Embletiu  kuTTian  and  divine,"  (Prague,  1601,) 
ihsre  is  a  device  of  ono  of  the  old  Counts  of  Hapsburg,  which  consists 
of  a  blowing  eolipile  with  a  stream  of  vapor  issuing  from  it,  and  the 
motto  Latut  Juoo.  (Vol.  ii,  372.)  The  same  device  is  also  given  in  a 
treatise  on  Heroic  SymboU,  Antwerp,  1634.  Hence  this  ancient  domes- 
luch  <        " 


)  adopted  on  suca  occasions  as  well  as  the  bellows, 
syringe,  watering  pot,  Sec, 

Hivius  in  commenting  on  the  eolipiles  mentioned  by  Vitmvius  describes 
those  in  use  in  his  own  time,  (A.  D.  1548.)  and  gives  several  flgares,  from 
which  we  have  selected  the  first  three  of  the  following  ones. 


Rivins  names  them  "  wind  holders"  and  "  fire  blowers."  He  says  they 
were  made  in  various  shapes  and  of  different  materials,  and  were  used 
"to  blow  the  fire  like  a  pair  of  bellows."  Some,  designed  for  other  pur- 
poses, that  will  presently  he  mentioned,  were  made  ofgold  or  silver  and 
richly  ornamented,  as  represented  above.  At  a  subsequent  period  of  the 
sixteenth  century,  Cardan  gave  a  figure  of  one.  (See  No.  184.)  Pludd, 
Porta  and  other  old  writers  also  describe  them.  The  latter,  in  book  xix, 
chap.  3,  of  his  Natural  Magic,  speaks  of  them  as  used  in  houses  to  blow 
fires.  Sir  Hugh  Platte,  in  l.'^94,  published  a  figure  and  description  .of 
"a  rounds  ball  of  copper,  or  latton  [brass]  that  blows  the  fyre  verie 
sCronglie  t^  the  attenuation  of  the  water  into  ayre." 

Bishop  Wilkins,  in  his  Mathematical  Magic,  (published  in  1648)  speaks 
of  eolipiles  as  then  common.  They  are  made,  he  observes,  "  of  some 
itich  material  as  may  endure  the  fire,  having  a  small  hole,  at  which  they 
are  filled  with  water,  and  out  of  which  (when  the  vessels  are  heated)  the 
air  doth  issue  forth  with  a  strong  and  lasting  violence.  These  are  Jre- 
aueiUty  uted  for  the  exciting  and  contracting  of  heat  M  the  metling  of 
gliuie*  or  meiait.  They  may  also  be  contrived  to  be  serviceable  for  sun- 
dry other  pleasant  uses,  as  for  the  moving  of  sails  in  a  chimney  comer, 
the  motion  of  which  sails  may  be  applied  to  the  turning  of  a  spit,  or  the 
like."  (Book  ii,  chap.  1.)  Kircher  has  given  a  figure  of  an  eolipile 
tnming  a  joint  of  meat,  (iW  indicated  by  the  Bishop)  in  the  first  volume 
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of  his  iUimiiu  SutbterraMeui,  page  203.)     Wo  do  not  remember  to  hftva 
met  with  a  figure  of  an  eolipile  appUsd  to  the  fusing  of  glass  or  metal, 
except  ID  the  AtUa  SubterroMea  at  Lazarus  Erckere  (or  Erckem)  on  Mo- 
tallurgy,  published  in  German,  in  1678,  and  which,  like  that  of  Agricola, 
ii  illustrated  with  numerous  cuts.      The  author  wsa  superintendent  of  th« 
mines  of  Hun^y,  Germany,  and  the  Tyrol,  under  three  Empcrorg,  and 
bi«  work  is  said  to  contain  every  thing  necessary  to  be  known  in  the 
•Maying  of  metals.     The  annexed  figure  is  copied  from  the  fifth  edition, 
(with  notes)  published  at  Frankfort  on 
the  Mayn,  in  1736.     It  is  named  Eiiu 
tttpffeme  htgd  daritm  wtuier   ut,  mrd 
vbert/ener  getekt,  *nd  an  statt  Einet 
bloM-halgM  gebraachi,  and  is  represented 
as  smelling  copper  ore  in  a  cupelo  fur- 
nace.    Krckers  has  figured  it  twice— 
at  pages  1  and  136. 

It  IS  not  a  tittle  singular  that  diii 
mode  of  increasing  the   intensity  of 
fires  by  a  jet  of  steam  directed  into  the 
burning  fuel  has  recently  been  patent- 
ed both  in  this  country  and  Kurope. 
It  does  not  however  appear  to  have 
answered  the  expectations  formed  of 
it,  since  it  has  never  come  into  general 
use,  nor  are  we  aware  that  it  ia  at 
HaiKk  B«hi.|_«r.  .{tiiiii.biMt.ru       present  employed  at  all.     Two  obvi- 
ous discrepancies  between  ancient  and 
modem  applications  of  steam  for  such  purposes  may  here  be  noticed,  since 
they  will,  we  think,  account  for  the  failure  of  the  latter :  one  is  in   the 
nature  of  the  fuel — the  other  in  the  temperature  of  the  blsst.     In  the  old 
eolipiles,  the  steam,  having  but  a  very  minute  passage  through  which  to 
escape,  was  raised  to  a  temperature  which  far  exceeded  that  which  ia 
generated  in  ordinary  steam  engine  boilers — the  vapor  was  perfectly  in- 
visible, and  its  escape  only  known  by  the  sound  of  the  blast,  and  its  effect 
on  the  fire.    But  in  late  experiments  the  current  consisted  of  steam  loaded 
with  moisture— a  mass  of  aqueous  globules  poured  into  the  fire,  instead  of 
the  rarefied  and  glowing  aura  that  rushed  with  such  impetuous  velod^ 
from  eolipiles.     The  powerful  effect  of  the  latter  on  firas  of  wood  and 
charcoal  is  unquestionable,  but  the  results  of  similar  blasts  on  other  kinds 
of  fuel  (as  stone  coal)  has  not  vet  we  believe  been  sufficiently  ascertained. 
Another  difierence  connsted  in  the  dimensions  of  the  volumes  of  the 
blasts  ; — the  one  from  the  eoHpile  was  small  and  compact — that  of  the 
other  large  and  diffuse,  a  circumstance  that  may  account  still  further  for 
the  different  results ;  for  it  should  be  remembered  that  in  using  an  eolipile 
it  is  not  the  jet  of  steam  alone  that  it  impelled  agunst  the  burning  fuel, 
but  a  volume  of  atmospheric  air  is  set  in  motion  by  the  blast  and  carried 
into  the  fire  along  with  it :  the  same  thing  takes  place  in  using  a  common 
bellows,  more  air  being  forced  against  the  fire  than  what  issues  from  the 
noztle  ;  and  hence  as  the  velocity  of  the  jet  from  an  eolipile   was  much 
greater  and  the  jet  itself  smaller   than   those  of  modem   applications   of 
steam  for  the   same  purpose,   a  much   lai^r  proportJon  of  air  was  aUo 
borne  along  with  it.     It  is  protabla  that  on  particular  occasions  the  an- 
cients filled  them  with  oil  or  spirituous  liquors  instead  of  water,  in  order 
to  promote  a  more  rapid  combustion. 

The  idea  of  increasing  the  heat  of  fires  by  water  is  veiy  old.     Pliny 
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aaj»  tKkt  ehweoal  wUch  faaa  been  wetted  giret  out  more  heu  tbui  dist 
which  is  olwajs  kept  dry.  (Nat.  Hist.  B,  xxsiii,  cap.  6.)  Dr.  Fryer 
■peska  of  "  water  cast  on  aei,  coal"  Tendering  the  heat  more  intento, 
(Travels,  Lon.  1698,  p.  290.) 

IF  there  was  no  evidence  that  eoUpilea  hod  been  moulded  into  Tarioua 
ahapea  of  men,  aniinala,  &c.  we  might  have  concluded  that  auch  was  the 
fact  from  what  is  known  of -the  practice  of  the  ancients.  Whenever  the 
design,  action  or  movement  of  a  machine  or  implement  corresponded  at 
all  with  those  of  men,  it  wai  sure  to  resemble  them  in  form,  if  its  use  could 
possibly  admit  of  iL  The  taste  for  such  things  was  universal  in  former 
times,  and  is  to  a  certain  extent  indulged  in  all  umes.  It  aeenu  tnfae* 
rent  in  savage  people;  hence  their  grotesque  and  monstrous  statues  or  idols, 
»>eaking  heads  and  odier  androidii  of  the  old  mechanics.  There  has  ia 
tact  always  been  a  predominating  disposition  to  imitate  the  human  form; 
and  in  accordance  with  it,  eolipilea  were  made  to  assame  the  figures  of 
men,  boys,  &c.  the  blast  escaping  from  the  eyes,  mouth,  or  other  parts  of 
the  figure.  Even  ao  late  as  the  seventeenth  century  we  are  told  that  "  to 
render  eolipiles  ntore  agreeable,  they  commonly  make  them  in  the  form 
of  a  head,  with  a  hole  at  the  mouth."  (Ozanam's  MatAematitai  a^d  Phy- 
tinal  Reereatioiu,  English  translation,  London,  1708,  419.)  It  waa  iiH 
deed  natural  that  these  machines  should  be  made  to  resemble  figures  of 
the  god  from  whom  they  were  named.  An  old  one  is  described  in  the 
Encyclopedia  of  Antiquides  as  "  made  in  the  shape  of  a  short  &t  man 
with  very  slender  arms,  in  a  curious  wig,  cheeks  extremely  swollen,  a 
hole  behmd  for  filling  it,  and  a  small  one  at  the  mouth  for  the  blast." 

Most  readers  are  aware  that  tautret  by  which  lands  were  held  in  the 
middle  ages  were  often  based  ba  the  most  trifling  and  ridiculous  const- 
derations.  Camden  has  noticed  a  great  number  in  his  Brittannia,  and  in 
die  description  of  die  county  of  Suffolk,  there  is  one  which  seems  to  have 
had  reference  to  the  employment  of  an  eolipile ;  but  whether  it  had  or  not, 
tliere  is  in  Or.  Plott's  History  of  Sbropahire  an  account  of  one  of  these 
"merry  tenures"  in  which  blowing  the  fire  with  an  eolipile  fcHined  part 
of  the  duty  required.  The  instrument  was  of  the  human  form  and  de- 
signated, like  nuny  other  domestic  utensils,  by  the  soubriquet  "  JatA." 
"Jack  of  Hilton,  a  little  hollow  iniage  of  brass,  about  twelve  inches  high, 
with  his  right  hand  on  his  head  and  his  lefl  on  pego>"  i^ouv  thejirt  in 
Hilton-hall  every  new  year'a  day,  while  the  Lord  of  Essington  drives  a 

Cse  three  times  round  it,  before  it  is  to  be  roasted  and  eaten  by  tfaa 
d  of  Hilton  or  his  deputy.  In  some  accounts  it  is  stated  that  the 
image  blew  the  fire  vrhite  the  goose  was  roasdng,  which  is  more  proba- 
ble than  the  other.  The  custom  is  suppoeed  to  nave  been  continiMd  M 
Hilton-hall  &om  the  tenth  or  eleventh  to  the  seventeenth  century.     Thia 

ige  is  considered  by  some  writers  as  an  ancient  idol. 

^rom  the  above  use  of  eolipilea  it  will  be  perceived  that  there  ia  a 
nmilar  analogy  between  them  and  machines  to  raise  water  by  steam,  aa 
between  pupipa  and  bellows ;  every  device  for  blowing  a  fire  having  beea 
osed  to  raise  liquids. 

It  will  readily  be  imagined  that  these  blowing  images  offered  too  many' 
advantages  to  escape  being  pressed  into  the  secret  services  of  the  temples, 
even  supposing  they  did  not  originate  in  them.  By  charging  the  interior 
with  different  fluids  the  results  could  be  varied  according  to  circum- 
stances, and  if  an  inflammable  liiuid  was  employed,  aa  oil,  spirits  of  wine, 
turpentine,  kc.  &c.  streams  and  flashes  of  fire  could  be  made  to  shoot 
from  any  or  every  part  of  the  figure.  Enough  is  known  to  ctHivince  ua 
diat  snctt  dungs  were  often  done.     Notwithstanding  aJl  the  oars  of  the 
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M  prieats  to  conceal,  koA  when  concetlment  wu  impracUcaUe  to  de^ 
tpoy  their  ^parmtua,  aome  apeoimena  of  their  loaohiaery  have  come  down. 
In  the  EfteeDth  or  early  part  of  the  aixteenth  centurjr,  an  eolipilic  idol  of 
the  ancient  Germans  was  found  in  iiukiii|^  aome  excsvatioDB,  and  ii  we 
beliere  stiU  extant  A  figure  of  it  ia  inserted  in  the  second  volume  of 
Hont&ucon's  Antiquities.  It  i<  made  of  a  peculiar  species  of  bronze  and 
is  between  three  and  four  feet  in  height,  and  the  body  two  and  a  hsJf  in 
circiunference.  Its  appearance  is  very  uncouth.  It  is  without  draperr, 
with  one  knee  on  tbV  ground,  the  right  hand  on  the  head,  and  the  leu, 
which  is  broken  off,  rested  upon  the  thigh.  The  cavity  for  the  lit^uid 
holds  about  seven  gallons,  and  there  are  two  openings  for  the  escape  of 
the  vapor,  one  at  the  mouth  and  the  other  in  the  forehead.  Thgie 
openings  were  stopped  with  plugs  of  wood,  and  the  priests  had  secret 
meaos  of  applying  the  fire.  It  appears  from  Welter  and  other  German 
writers  on  the  suQect  that  this  idol  was  made  to  express  various  passions 
of  the  deity  it  represented,  with  a  view  to  extort  offerings  and  sacrifi- 
ces from  the  deluded  worshippers ;  and  that  the  liquid  was  infiammable. 
When  the  demands  of  the  priests  were  not  complied  with,  the  ire  of  the  god 
was  expressed  by  sweat  (steam)  oosing  from  all  parts  of  his  body  ;  and 
if  the  people  still  remuned  obdurate,  his  fiiry  became  terrible  :  murrnurs, 
bellowings,  and  even  thunderbolts  (die  wocden  plugs)  burst  from  him ; 
Sashes  or  streams  of  fire  rushed  iram  bis  mouth  and  head,  and  presently 
he  was  enveloped  in  olouds  of  smokej  when  the  people,  horror  stricken, 
consented  to  comply  with  the  requisitioD*.  It  is  very  evident  from  the 
accounts  that  the  priesia  had  the  means  of  rapidly  inereasiug  or  diminisb- 
ing  the  iutens^  of  the  fire,  as  the  dispoaiuon  of  the  worshippers  required 
the  idol  to  express  approbadon  or  displeasure.  It  further  appears  that  tha 
monks  in  the  middle  ages  made  use  of  this  idol,  and  found  it  not  the  least 
effectual  of  their  wonder-workine  machioes.  It  was  in  fact  in  this  man- 
ner chiefly  that  the  great  body  of  ecclesisaucs  dien  maintained  their  \a- 
flueaoe  over  die  multitade.  The  very  tame  devices  which  their  prede- 
cessors had  found  effectual  iu  the  temples  of  Osiris,  Ceres,  and  Bacchos^ 
were  repeated ;  and  such  images  of  the  heathen  gods  and  goddesses  aa 
had  escaped  destruction  were  converted  into  diose  of  Chruuan  sainta, 
and  being  repaired  were  made  to  perform  the  same  miracles  which  tbqr 
had  done  before  in  pagan  Greece  and  Rome.  Monks,  as  we  have  be£br« 
observed,  were  then  me  most  expert  mechanicians,  and  some  of  their 
most  elaborate  productions  were  imitations  of  ancient  andnudii — and 
the  (peaking  heus  of  Bacon,  Robert  of  Lincoln,  Qerben  and  Albertos, 
were  considered  pn>o&  of  an  iDtercoucse  subsisting  between  their  owners 
and  spirits,  as  much  so  u  in  tha  cases  of  Orpheus  and  0dm,  and  other 
muncians  of  old. 

The  name  of  the  German  idol  ia  written  differendy  ;  Foster,  Fluster, 
Plustericb,  Boestard,  Busterich,  are  all  names  given  to  it  and  the  deity  it 
represents.  The  name  is  said  to  be  derived  from  the  Saxon  verbpuMEm, 
to  blow— or  piuler,  a  bellows  :  this  shows  its  oonnecdon  wiih  the  eolipila 
as  a  "  fire  blower ;  and  it  is  probable  that  from  these  eohpilic  idols  the 
term  JEniiit,  "  a  pretender  to  inspiration,"  is  derived.  (See  Dictionary 
TrevoQx.  Art.  Fnster.)  This  ancient  steam  idol  was.  A.  D.  1546,  placed 
for  safe  keeping  in  the  fortress  of  Sunderhaosen,  where  it  renuuned  dol- 
ing the  last  centniy. 

How  «ngular  that  steam  should  have  been  amoiig  the  modve  agents 
of  the  most  ancient  idols  of  Egypt  (as  the  Statue  ofMemnon  and  oiLei^ 
and  in  some  of  the  deified  images  of  Europe  1  That  it  should  formerly 
have  been  employed  with  tremendous  effect  to  delude  men,  to  lock  UwiO 
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in  ignonner  ;  wliile  it  now  contribaUM  so  l&i^ly  to  euligtitan  and  benefit 
mankind.  These  instances  of  earlv  applications  of  steam  make  us  regret 
that  detailed  desL-riptions  of  the  vanous  apparatus  have  not  been  preserved. 
Many  ingenious  devices  were  evidently  employed,  and  althoug'h  we  con- 
demn the  contrivers  of  such  as  were  used  for  purposes  of  delusion,  we 
cannot  but  admire  the  ingenuity  which  oven  these  men  displayed,  in  ex- 
hibiling  before  a  barbaroun  people  their  gods  in  the  most  imposing  man- 
ner and  with  such  terrific  ellect — in  makmg  idols  euiress  by  means  of 
steam  approbation  and  anger  with  the  voice  of  thunder  or  the  hissing 
of  dragons,  and  causing  them  to  appear  and  disappear  in  cloads  of  smoke 
and  sheets  of  flame. 

It  is  probable  from  the  antiquity  of  these  idoU  and  of  ealipiles  that 
allusions  to  both  might  be  found  in  the  Bible.  May  not  such  expressions 
as  "  the  blast  of  his  m<Ath,"  "  the  blast  of  the  temble  ones,"  "  the  blast 
of  his  nostrils,"  lix.  have  reference  to  eolipiles  or  steam  idols  of  old  t 
"  Their  molten  images  [says  Isaiah]  are  wind  and  confusion."  Hospita^ 
biy  receiving  a  traveler  into  the  house  during  a.  storm,  and  protecting 
him  from  the  inconvenient  heat  of  the  fire  when  urged  by  an  eolipile,  may 
be  alluded  to  by  the  same  prophet  in  the  following  passage  :  "  Thou  haat 
been  a  strength  to  the  poor,  a  strength  to  the  needy  in  his  distress,  a  re- 
fiige  from  the  storm,  a  shadow  from  the  heat  when  the  blast  of  the  terrible 
ones  is  as  a  storm  against  the  walls."  The  expression  '  terrible  ones,' 
probably  referring  to  the  kidetnujarmt  into  which  we  have  already  seen 
those  blowing  instruments  were  moulded.  Eolus  the  god  of  winds  was 
represented  "  with  swoln  cheeks,  like  one  who  with  main  force  blows 
a  blast,  with  wings  on  his  shoulders  and  a  fiery  countenance."  Idols 
were  always  made  of  a  terrific  form,  and  are  so  msde  by  barbarous  peo- 
ple at  the  present  day.  When  God  is  personified  as  bloamtg  on  the  jire, 
U  diere  not  an  allusion  to  these  instruments  1 

Eusebius,  in  the  third  book  of  his  life  of  Constantine,  says  that  when 
images  were  subverted,  unong  other  things  found  in  some  of  them  were 
"  small  faggots  of  sticks" — perhaps  the  remains  of  fuel  employed  to  raise 
■team  in  them.* 

From  the  observation  of  one  of  the  early  travelers  into  the  East,  it 
■eems  that  eolipiles  were  employed  even  in  war  and  with  great  effect 
Carpini,  in  the  account  of  his  travels,  A.  D,  1286,  describes  a  species  of 
eolipile  of  the  human  form,  and  apparently  charged  with  an  inflammahte 
liquid,  Hs  having  been  used  in  a  battle  between  the  Mongals  and  the 
boops  of  Frester  John.  The  latter,  he  says,  caused  a  number  of  hollow 
figures  to  be  made  of  copper,  which  resembled  men,  and  being  charged 
With  some  combustible  substance,  "  were  set  upon  horses,  each  having  a 
man  behind  on  the  horse  with  a  pair  of  bellows,  to  stir  up  the  fire. 
When  approaching  to  g^ve  battle,  these  mounted  images  were  first  sent 
forward  against  the  enemy,  and  the  men  who  rode  behind  set  fire  by  some 
means  to  the  combustibles,  and  blew  strongly  with  their  bellows ;  and  the 
Mongal  men  and  horses  were  burnt  with  wild  fire  and  the  air  was  dark- 
ened with  smoke."'*  Supposing  these  eolipiles  to  have  been  charged 
with  alcohol  or  spirit  of  wme,  they  must  have  been  (as  we  see  they  were) 
of  terrible  effect,  since,  as  modem  experiments  show,  a  jet  of  flame  from 
each  might  have  extended  to  a  distance  of  twenty-five  or  thirty  foeL 

Besides  blowing  directly  upon  or  agunst  a  fire,  eolipiles  were  employed 
to  McTMse  (A<  i^afi  of  chimneys,  for  which  purpose  the  jet  rose  perpen- 
dicularly from  the  centre  of  the  dome,  as  in  No.  181.     Oaa  or  two  eland- 

■  PalH  Hsi^s  ComBMHi  Plaoe^  Part  ii,  336.  ^  Ktrr's  CoUeeiion  of  VorsgM,v»].  1, 19B. 
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ing  on  the  hevdi  and  hMiteJ  by  tba  fira,  cIdk  ts  which  Uwy  were  plued, 
the  vapor  nuhed  through  the  orifice  and  drove. the  smoke  before  it;  and 
at  the  Mine  time  induced  a  current  of  atmospheric  air  to  follow  in  the 
•ame  direction.  Sometimes  those  designed  for  this  purpose  had  a  handle 
or  bail  to  suspend  them  over  the  Hre,  as  No.  163.  As  several  ancient 
domestic  customs  stilt  prevsil  in  Italy,  and  numerous  culinary  and  other 
implements  found  in  Herculoneum  and  Pompeii  are  similar  to  those  now 
used,  it  might  he  supposed  that  some  relics  of  eoHpiles  and  their  uses 
would  be  ttill  met  with  in  that  country.  The  supposition  has  been  veri- 
fied ;  for  we  are  informed  that  these  instruments  are,  or  were  in  the 
seventeenth  century,  "  commonly  made  nse  of  in  Italy  to  cure  smoaky 
chimneys,  for  being  hung  over  the  fire,  the  blast  arising  from  them  carries 
up  the  loitering  smoke  ^ong  with  it" — and  again,  "  an  eolipile  has  been 
sometimes  placed  in  a  chimney  where  it  can  he  heated,  the  vapor  of  which 
serves  to  drive  the  smoke  up  the  chimney,"  This  application  of  steam, 
it  will  be  perceived,  is  similar  to  that  lately  adopted  to  increase  the  draft 
of  chimneys  of  locomotive  carriaees. 

Rivius  mentions  another  use  of  eolipiles.  He  says  some  were  made 
of  gold,  silver  and  other  costly  menls,  and  were  filled  with  scented 
water,  "  to  canse  a  pleasant  temperature,  to  refresh  the  spirit  and  rejoice 
the  heart,  not  only  of  the  healthy  but  also  of  the  sick."  He  observe! 
that  they  were  used  for  these  purposes  in  the  halls  and  chambers  of  the 
wealthy.  Rhenanus,  an  old  German  writer,  who  died  in  1547,  enumera- 
ting the  treasures  belonging  to  the  ancient  church  at  Ments,  mentions 
eohpiles  in  the  form  of  "  silver  cranes,  in  the  belly  of  which  was  put  firs"' 
and  which  gave  out  "  a  sweete  savour  of  perfumes  by  the  open  beake."' 
Seneca  has  observed  that  perfumes  were  sometimes  disseminated  in  the 
amphitheatres,  by  being  miied  with  boiling  water,  so  that  the  odor  rose- 
and  was  diffused  by  the  steam.  We  learn  from  Shakespeare  that  perfum- 
ing rooms  was  common  in  his  time,  the  neglect  of  cleanliness  rendering- 
such  operations  necessary.  It  is  probable  Uiat  he  refers  to  the  same  pro> 
cess  as  that  mentioned  by  Hivius.  "  Being  enterttuned  for  a  perfumer, 
as  I  was  smoking  a  room."     "  MmA  tdo  about  Nothifig,"  Act  1,  &nie  3. 

Eolipiles  were  also  employed  to  produce  music.  By  adapting  trum- 
pets, Sutes,  elarionets,  and  other  wind  instruments  to  the  neck  or  orifice 
of  one,  they  were  sounded  as  by  currents  of  air.  This  application  of 
eolipiles  is  probably  cofival  with  their  invention.  It  is  indeed  only  a 
variation  of^  the  supposed  musical  apparatus  of  the  MemDonian  Statne, 
and  of  the  devices  described  by  Heron.  All  the  old  writers  on  eolipiloa. 
mention  it.  Fludd  figures  a  variety  of  instruments  sounded  by  current* 
of  steam ;  and  Sivius,  after  noticing  the  use  of  eolipiles  for  blowing  fires 
and  fuRvgating  rooms,  observes  "they  are  also  made  to  produce  music, 
the  steam  passmg  through  reeds  or  organ  [Mpes,  so  as  to  cause  astonish' 
ment  in  those  who  have  no  idea  of  such  wonderful  operations."  Gerhert 
applied  eohpiles  in  place  of  bellows  to  sound  an  oigan  at  Hheima  in  the 


tenth  century;  and  the  instrument  according  to  William  of  Malmsbniy 
was  extant  two  hundred  years  afterwards.  (Ihiring  the  middle  ages,, 
the  churchmen  wen  die  only  organ  makers;  and  even  so  late  as  the 
dxteenlh  century,  ther  retained  the  manufacture  chiefly  in  their  own 
hands  ;  in  the  hoasehom  book  of  H«ary  VIII.  Biention  is  made  of  two 
payments  of  ten  pounds  each  to  John,  or  "  Sir  John,  the  organ  maker," 
of  whom  the  editor  says, '  it  is  almost  certain  that  he  was  a  priest.') 

The  preceding  notice  of  eolipiles  is  due  to  them  as  the  true  germ  of 

modem  steam  engines,  &r  such  they  were,  whether  the  latter  bo  consider^ 

fldaa  devices  ibr-nusing  water  only,  or  as  machines  to  more  others.  We- 
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hare  Hen  that  the  oldeat  ftpparatus  moved  by  iteun,  of  which  there  is 
may  account,  was  an  eollpile  suspended  on  its  kiib,  at  once  both  boiler 
and  engine,  {No.  180)  and  we  shall  find  that  the  first  attempts  lo  raise 
water  by  the  same  fluid  were  made  with  the  same  instniments.  Indeed, 
alt  the  early  experiments  on  steam  were  made  with  eoli[nlet,  and  all  the 
first  steam  maohinet  were  nothing  oIm. 


CHAPTER  IV. 


^ipl«l«wt  rf  MUM  li  teM«  lliau-<3>iBi  if  nrioH  pnpli  W  Hit  M 
flf  Mna  HHAotln  ■ftflt,  pTMi¥*d  by  Bjfw  gaeaa— Oa«r  moAtti  ' 
w  fctM    fliMJJrt  MUM-iU;  la  ISU-oaelal  Jt 


U  tb«  ililHiitli  esBlarjr— J«nM(  C«du— Vunwi  ftnud  by  tb*  teaittmOam  al  «■ 
UskjMliu-eiptrlnaiiU  (hn  Fludd— Otban  ft«i  Fiiru— Eipunn  fiira  dT  •»*■  iltwiruwl  by  cM 
uthtn— laumlliii  aiuiplii  of  nUBf  waUi  by  lUui  froK  riirti  Kiilmiai,  Cuiai  u<  Bio  a 
Mw  «BfJB«  dalBad  by  Aniro  fih 
Ib  tba  priKlpI*  (f  lU  DpanlliM— HM  iiiriDft—agyi 

M  Dheh— WrtIiB|i  of  P*<s— CLilBi  or  Angs 


It  will  have  been  perceived  from  the  preceding  chapter  that  eolipitea 
'for  blowing  fires  and  for  other  purposes  were  formerly  common,  and  conse- 

Juently  that  people  were  familiar  with  the  generatmn  of  steam,  and  of 
igk  steam  too,  long  before  modem  steam  engines  were  known.     Of  the 

-applica^ons  of  this  fluid  to  produce  motion  or  raise  liquids,  during  the 
long  period  that  intervened  oetween  the  time  of  Heron  and  the  introduc- 

'tion  of  printing  into  Europe,  scarcely  any  thing  is  known  ;  yet  there  can 
be  no  doubt  that  it  was  occasionally  used  to  a  limited  extent  for  one  pnr- 

-pose  or  the  other,  and  perhaps  for  both. 

As  the  origin  and  early  progress  of  the  steam  engine  are  necessarily  con- 

<nected  with  this  part  of  our  subject,  the  inqoisitivB  reader  will  not  object 
to  dwell  a  little  upon  it,  although  some  parts  of  the  detail  do  not  relate 

-directly  to  the  elevation  of  liquids. 

From  the  important  and  increasing  influence  of  the  steam  engine  on 
human  affairs,  a  con^versy  has  arisen  between  writen  of  different  na- 
tions respecting  the  claims  of  their  countrymen  to  its  invention ;  and  some 

.Acrimonious  feelings  have  been  displayed.  This  is  to  be  regretted  as 
fostering  prejudices  and  passions  which  it  is  die  province  of  philosophers 
to  eradicate — not  to  chensh.  National  vaundngs  may  form  articles  in 
the  creed,  as  they  are  made  to  contribute  to  the  capital  of  politicians  ; 
but  should  find  no  place  in  that  of  a  savan.  Ptulosophy,  like  Christianity, 
oonteropiates.mankmd  as  one  &mily,  and  recognizes  no  sectional  boast- 
ing. Neither  science  nor  the  arts  are  confined  by  degree*  of  longitude, 
nor  are  the  scintillations  of  genius  to  be  measured  by  degrees  from  the 

•squator.    At  in  the  republic  of  letters,  so  in  that  of  sdance  and  the  arts. 
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geographical  dudnctioM  reqteeting  the  abode  of  ita  citizeni  should  be 
unlmuwii. 

A  few  tcaUerad  relics  of  ingBnioaa  men  who  flourished  in  the  dark 
ages  are  still  extant,  which  serve  to  convince  us  that  experimental  re- 
searches of  some  of  the  monks  and  other  ardent  inquirers  after  knowledge 
in  those  times  were  more  extensive,  and  evinced  a  more  thorough  ac- 
(juaintance  with  the  principles  of  natural  philosophy,  than  is  generally 
surmised.  The  following  remarks  of  Roger  Baam  are  an  initancc.  From 
them  we  may  safely  infer  that  he  was  aware  of  the  elastic  force  of  steam 
and  its  applicability  to  propel  vessels  on  water  and  carriages  on  land. 
That  he  was  acquainted  with  gunpowder  is  geueraUy  admitted,  and  it 
would  seem  that  neither  diviiigbells  nor  suspension  bridges  escaped  him : 
"  Men  may  construct  for  the  wants  of  navigation  such  machines  that 
the  greatest  vessels,  directed  by  a  single  man,  2ialt  cut  through  the  riven 
and  seaa  with  more  rapidity  than  if  they  were  propelled  by  rowers; 
chariots  may  be  constructed  which,  without  horses,  shall  run  with  immea- 
surable speed.  Men  may  conceive  machines  which  could  bear  the  diver, 
without  danger,  Co  the  depth  of  the  waters.  Men  could  invent  a  multi- 
tude of  other  engines  and  useful  instruments,  such  as  bridges  that  shall 
rthe  broadest  rivers  without  any  intermediate  supporL  Art  has  its 
ders  more  terrible  ihan  those  of  heaven.  A  small  tjuantity  of  matter 
produces  a  horrible  explosion,  accompanied  by  a  bright  light ;  and  tins 
may  be  repeated  so  as  to  destroy  a  city  or  enure  battalionB." 

Bacon  was  not  a  man  to  speak  or  write  in  this  manner  at  random.  His 
tXperimenU  led  him  to  the  conclusions  he  has  thus  recorded,  for  he  was 
bv  far  the  most  talented  and  indefatigable  experimental  philosopher  of 
his  age.  His  discoveries  however  were  not  understood,  or  their  impor- 
tance not  appreciated,  for  he  was  imprisoned  ten  years  as  a  practiser  of 
magic.  Sec.  There  is  a  remark  in  his  treatise  "  on  the  secret  works  of 
art  and  nature,"  that  is  too  valuable  to  be  omitted :  he  says  a  person  who 
is  perfecdy  acquainted  with  the  manner  that  naAtre  oiitrve*  m  Arr  opera- 
tUmi,  can  not  only  rival  but  surpass  her.  "  That  be  was  acquainted  with 
die  rarefiictwn  of  air,  and  the  structure  of  the  air  pimp,  is  past  contradic- 
tion." He  was  (says  Dr.  Friend)  the  miracle  of  the  times  he  lived  in, 
aitd  th«  greatest  genius  perhaps  for  mechanical  knowledge  which  ever 
appeared  itt  the  world  since  Archimedes.  The  camera  obscura  and 
telescope  were  known  to  him,  and  he  has  described  the  mode  of  making 
reading  glasses.     Most  of  the  operations  now  used  in  chemistry  e 


said  to  be  described  or  mentioued  by  him.  A  description  of  his  laborato- 
ry and  of  the  experiments  he  made,  with  a  sketch  of  the  various  appara- 
tus employed,  would  have  been  infinitely  more  valuable  than  vU  the 


volumes  on  scholastic  divinity  that  ? 

In  1543,  a  naval  officer  under  Charles  V.  is  said  to  have  propelled  a 
■hip  of  two  hundred  tons,  by  steam,  in  the  harbor  of  Barcelona.  No 
account  of  his  machineiy  is  extant,  except  that  he  had  a  large  copper 
boiler,  and  that  paddle  wheels  were  suspended  over  the  sides  of  the 
vesael.  Like  all  old  inventors  he  refiised  to  explain  the  mechaiUBm.  The 
following  account  was  furnished  for  publication  by  the  superintendent  of 
the  Spanish  royal  archives.  "  Blateo  d«  Oaray,  a  captain  in  the  navy, 
proposed  in  1543,  to  the  Emperor  and  King,  Charles  the  FifUi,  a  machine 
to  propel  large  boats  and  ships,  even  in  cum  weather,  without  oan  or 
■aiia.  In  spite  of  the  Impediments  and  the  opposiuon  which  this  project 
met  with,  tne  Emperor  ordered  a  trial  ta  be  made  of  it  in  the  port  of 
Barcelona,  which  in  hct  took  place  on  the  17th  of  the  month  <tf  June, 
of  the  Mid  yen  1643.    Gany  woohl  not  explain  the  pardcuUrs  of  hit 
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diBcoverj;  it  \rMeTideiitlioweTerduringdieexpenment  that  itconrirted 
in  a  large  copper  of  boiling  water,  and  in  moving  wheels  attached  to 
nther  side  oi  the  ship.  The  experiment  was  tried  on  a  ship  of  two  han- 
drod  tons,  called  the  Trinity,  which  came  from  Colibre  to  discharge  & 
cargo  of  corn  at  Barcelona,  of  which  Peter  de  Scarza  was  captain.  By 
order  of  Charles  V,  Don  Henry  de  Toledo  the  governor,  Don  Pedro  da 
Cordova,  the  treasurer  Ravage,  and  the  vice  cnancellor,  and  intendant 
of  Catalonia  witnessed  the  experiment.  In  the  reports  made  to  the  em- 
peror and  to  the  prince,  this  ingenious  inTention  was  generally  approved, 
particularly  on  account  of  the  promptness  and  facility  with  whtdi  the 
■hip  was  made  ta  go  about.  The  treasurer  Rarago,  an  enemy  to  the 
project,  said  that  the  ressel  could  ^  propelled  two  leagues  in  three  hours — 
that  the  machine  was  complicated  and  expensive— and  that  there  would 
be  an  expcisare  to  danger  in  case  the  boiler  should  burst.  The  other 
commissioners  affirmed  that  the  vessel  tacked  with  the  same  rapidity  aa 
a  galley  manwuvred  in  the  ordinary  way,  and  went  at  least  a  league  an 
hour.  As  soon  as  the  experiment  was  made  Garay  took  the  whole  ma- 
chine with  which  he  had  furnished  the  vessel,  leaving  only  the  wooden 
part  in  the  arsenal  at  Barcelona,  and  keeping  all  tho  rest  for  himself.  In 
spite  of  Ravage's  opposition,  the  invention  was  approved,  and  if  the 
expedition  in  which  Charles  the  Vth  was  then  engaged  had  not  prevented, 
he  would  no  doubt  have  encouraged  it.  Nevertheloaa,  the  emperor  pro- 
moted the  inventor  one  grade,  made  him  a  present  of  two  hundred 
thousand  maravedis,  and  ordered  the  expense  to  be  paid  out  of  the  trea- 
sury, and  granted  him  besides  many  other  favors." 


"  This  account  is  derived  from  the  documents  and  original  registers 
kept  in  the  Royal  Archives  of  Simuncas,  among  the  commercial  papers 
of  Catalonia,  and  from  those  of  the  military  and  naval  departments  for 
the  said  year,  1543.  Thomas  Gonzalbz. 

"  Simuncas,  August  27,  182.?." 

From  this  account  it  has  been  inferred  that  tteam  vend*  were  invented 
in  Spain,  being  only  revived  in  modem  times  ;  and  that  Blasco  de  Q«ray 
■hould  be  regarded  as  the  inventor  of  the  first  *Uam  fngine.  As  long  as 
the  authenticity  of  the  document  is  admitted  and  no  earlier  experiment 
adduced,  it  is  difficult  to  perceive  how  such  a  conclusion  can  be  avoided ; 
at  least  so  far  as  ateam  veateU  are  concerned.  It  may  appear  singular  that 
(Lis  specimen  of  mechanical  skill  should  have  been  matured  in  that  coun- 
try ;  but  at  the  time  referred  to,  Spain  was  probably  the  most  promising 
scene  for  the  display  of  such  operations.  Every  one  knows  that  half  a 
century  before,  Columbus  could  find  a  patron  no  where  else.  The  great 
loss  which  Charles  sustained  in  his  fleet  before  Algiers  the  previous  year, 
must  have  convinced  him  of  the  value  of  an  inventioD  br  which  ships 
could  be  propelled  without  oars  or  sails ;  and  there  is  nothmg  improbable 
in  supposing  the  loss  on  that  occasion  (fiileen  ships  of  war  and  one  bdn- 
dred  and  forty  transports,  in  which  eight  thousand  ffien  perished  end 
Charles  himself  narrowly  escaped)  was  one  principal  reason  for  Captun 
Garay  to  bring  forward  nis  project  M.  Arago,  wno  advocates  with  pe* 
ouliar  eloquence  and  zeal  the  claims  of  Decaus  and  Papm,  aa  inventors 
of  the  steam  engine,  thinks  the  document  should  he  set  aside  for  the  fol- 
lowing reasons  :  1st.  Because  it  was  not  priMed  in  1543:  3d.  It  does 
not  sufficiently  prove  that  steam  was  the  modve  agent  3d.  If  Captun 
Garfty  really  did  employ  a  steam  engine,  it  was  "  according  to  all  Appear^ 
ance"  tlie  re&cting  eolipile  of  Heron,  aiid  therefore  taotking  new.  -T» 
ns  there  does  not  appear  much  force  in  these  reasons.    H.  Ango  cib- 
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Hrvea,  "  msnuicnpt  docnmenti  esnaot  luve  any  value  with  the  pubKc, 
because,  generally,  it  hai  no  meaoa  whatever  of  veritvine  the  date  aa- 
■irned  to  them."  To  a  limited  extant  this  may  be  admitted.  Respecting 
pnvate  H3S.  it  may  be  tme ;  but  surely  official  and  national  records  like 
those  referred  to  by  the  Spanish  secretary  should  be  excepud.  We 
have  in  the  eighth  chapter  of  our  Third  Book  quoted  largely  from  official 
MS.  documents  belonging  to  this  city,  (New- York  :)  now  these  are  pre- 
served in  a  public  office  and  may  be  esamioed  to  verify  our  extracts  as 
well  as  their  own  authentici^  :  and  the  Spanish  records  we  presume  are 
eqn^ly  accessible,  and  their  authenticity  may  be  equally  established.  The 
mere  printing  of  both  could  add  nothing  to  their  credibility,  although  it 
would  afford  to  the  public  greater  faciltcies  of  judging  of  their  claims  to  iL 
So  far  from  rejecting  such  sources  of  infortnation  respecting  the  arts  of 
former  times,  we  should  have  supposed  they  were  unexceptionable. 

Bat  it  is  said-~^thongh  a  boiler  is  mentioned,  that  is  not  sufficient  proof 
dutt  tUam  was  the  impetling  agent,  since  there  are  various  machines  in 
which  lire  is  used  under  a  boiler,  without  that  fluid  having  any  thing  to 
do  with  the  operations  :  Well,  but  the  account  states  that  which  really 
appears  conclusive  an  this  point,  vis.  that  this  vessel  contained  "  boiling 
wUf"  and  that  Ravago  the  treasurer,  opposed  the  scheme  on  the  ground 
that  there  would  be  an  exposure  to  danger  "  in  case  the  boiler  should 
burst."  As  this  danger  could  not  arise  from  the  liquid  contents  merely, 
but  from  the  accumulation  of  steam,  (the  irresistible  force  of  which  was, 
as  has  been  observed,  well  known  from  the  employment  of  eolipiles)  it  is 
obvious  enough  that  this  fluid  performed  an  essential  part  in  the  npera- 
don — in  other  words  was  the  source  of  the  motive  power.  Had  it  not 
been  necessary,  Garay  would  never  have  furnished  in  it  such  a  plausible 
pretext  for  opposition  to  his  project.  It  has  been  also  said  "if  we  were 
to  admit  that  (he  machine  of  Ouay  was  set  in  motion  by  steam,  it  would 
not  necessaiily  follow  that  the  invention  [steam  engin^  was  new,  and 
that  it  bore  any  resemblance  to  those  of  our  day."  True,  but  it  would 
at  least  fellow  tiiat  Garay  should  be  considered  the  father  of  tUam  itavi- 
jOfMM.untilsome  earlier  and  aoCual  experiment  isproduced.  Arago  further 
thinks,  that  if  Garay  used  steam  at  all,  his  engine  was  the  whirling 
eoli[Hle  (No.  ISO) — "eve^  thing"  he  observes  would  lead  us  to  believe 
that  he  employed  this.  We  regret  to  say  there  are  strong  objections  to 
such  an  opinion.  That  an  engine  acting  on  the  same  principle  of  recoil 
«s  Heron's  eolipile  might  have  been  made  to  propel  a  vessel  of  two  hun- 
dred tons  is  admitted  ;  but  from  modem  experiments  with  small  engines 
of  this  description,  we  know;  1st,  that  in  order  to  produce  the  reported 
result,  the  elasticity  of  the  steam  employed  mutt  have  been  equivalent  to 
a  pressure  of  several  atmospheres ;  and  2d,  that  the  enormous  consump- 
tion of  the  fluid  when  used  in  one  of  these  engines  must  have  required 
either  a  number  of  boilers  or  one  of  extraordinary  dimensions.  Had 
Oaray  employed  several  boilers,  the  principal  difficulty  would  be  removed, 
as  he  might  then  have  made  them  sufficiently  strong  to  resist  the  pressure 
of  the  confined  vapor  ;  he  however  used  but  one,  and  every  person  who 
has  witnessed  the  operation  of  reacting  engine  will  admit  that  a  single 
b<nler  could  hardly  have  been  made  lo  fumiafa  the  qttaiUity  i^  tteant  re- 
quired, fU  the  rtgtatitt  irgttt  ^teniM*, 

As  the  nature  of  this  Spanish  engine  is  not  mentioned,  every  person  is    ' 
left  to  form  his  own  opinion  of  iL     vVe  see  no  difficulty  in  admitting  that 
he  employed  the  elasoc  force  of  steam  to  push  a  piston  to  and  fro — or 
that  he  formed  a  vacuum  under  one  by  condensing  the  vapor.     Such  ap- 
plicaticns  of  iteam  were  a*  likely  to  ocour  to  a  person  deeply  engaged  tn 
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devising  modea  of  employing  it,  in  the  sixteenth  u  well  u  in  the  seven- 
teenth century,   not withstan ding-  the   objection  bo  often   reiterated,   ihat 
the  ftrta  were  not  sufficiently  matured  for  the  fabrication  of  a  metallic 
cylinder  and  piston,  and  apparatus  for  transmitting  the  moveroents  of  a 
piston  Co  revolving  mechanism.     The  casting  and  boring  of  pieces  of 
ordnance  show  that  the  construction  of  a  steam  cylinder  was  not  beyond 
the  arts  of  the  sixteenth  centuiy,  or  even  of  the  two  preceding  ones;  while 
the   water-works,  consisting   of  forcing  pumps  worked   by   wheeU,  and    ' 
also  numerous  other  machines   put  in   motion  by   cranks,   (and   the  iire-    • 
gularity  of  their  movements  being  also  regulated  by  Hy  wheels)  described    . 
m  the  works  of  Besson,  Agrieola,  &c.  show  that  engineers  at  that  time 
well  understood  the  means  of  converting  rotary  into  rectilinear  motions, 
and  rectilinear  into  rotary  ones. 

Had  Garay  used  a  steam  apparatus  on  the  principle  of  Savery'a, 
Fapin's,  or  Leopold's,  to  raise  water  upon  an  overshot  wheel  Rxed  on  the 
same  axle  as  the  paddles,  we  should  probably  have  heard  of  it,  since  such 
a  wheel  would  have  been  a  more  prominent  object  than  (he  paddles  or 
the  boiler  itself. 

It  need  not  excite  surprise  that  Oaray  adopted  paddle  wheels  as  pro- 
pellers, since  they  were  well  known  before  nis  time,  being  of  very  an- 
cient date.  Roman  galleys  were  occasionally  moved  by  them,  and  they 
have  probably  never  been  wholly  laid  aside  in  Europe  since  the  tall  of 
the  empire.  Stuart,  in  his  Anecdotes  of  the  Steam  Engine,  observes  that 
the  subadtution  of  them  for  oars  is  mentioned  in  several  old  military  trea- 
tises.  In  some  ancient  MSS.  in  the  King  of  France's  library  it  is  said 
that  boats,  in  which  a  Roman  army  under  Claudius  Candez  were  trans- 
ported into  Sicily,  were  propelled  by  wheels  moved  by  oxen.  An  an- 
cient  bas-relief  has  also  been  found  representing  a  galley  with  Aree  wheels 
on  each  side  ;  the  whole  being  move^  by  three  pair  of  oxen.  Roberttu 
Valturius,  in  his  De  Re  M'diiari,  Verona,  1472,  gives  a  figure  of  a  galley 
with^oe  paddle  wheels  on  each  side.  Another  is  portmyed  with  one  ob 
each  side.  To  these  we  add  another  from  the  Nurcmburg  Chronicle, 
published  in  1497  ;  at  folio  XCVIII  a  vessel  is  figured  with  luo  wheels^ 
on  the  side  that  is  represented.  An  old  English  writer  mentions  them 
in  157S ;  and  in  1682,  a  horse  tow-boat  with  paddle  wheels  w*>  used  tX 
Chadiaro,  England. 

or  various  substitutes  fur  revolving  oars  or  paddle  wheels,  there  is  0T« 
which,  among  other  things,  we  have  long  purposed  to  try.     It  consists  in 

firotruding  into  the  water,  in  a  horisontal  direction  from  close  receptacles 
□rmed  in  the  stem  and  below  the  water  line,  a  series  of  two  or  mor« 
■olid,  or  tight  hollow  bodies,  of  such  dimensions  that  the  water  displaced 
might  afford  a  resistance  suflicient  to  drive  forward  the  boat.  Some  idea, 
of  this  resistance  may  be  obtained  by  attempting  to  sink  an  emsty  barrel 
or  hogshead,  or  by  pushing  a  bucket  or  washing  tub  into  a  liqmd,  bottom 
downwards.  The  moveable  bodies  or  propellers  mi^t  be  square  boxei 
of  wood,  closed  tight  and  mode  to  slide  in  and  out  at  the  stem  like  tlta 
drawers  of  a  bureau  ;  their  outer  ends  being  flush  with  the  Stern  wheo 
drawn  in,  and  the  joint  (at  the  stem)  made  tight  by  some  contrivance 
analogous  to  a  stuffing  box  ;  their  velocity  and  length  of  stroke  being 
proporuoned  to  tho  size  of  the  vessel  and  its  required  speed.  The  wa- 
ter Itself  would  drive  or  help  to  drive  back  each  |nTipelIer  at  the  termi- 
nHtion  of  'OA  stroke,  just  as  a  hollow  vessel  is  pushed  up  when  thrust  nn- 
der  water.  The  receptacles  might  be  open  at  the  top  so  as  to  allow  any 
irater  which  leaked  in  at  the  joint  to  be  readily  discharged.  We  ar* 
not  aware  that  such  a  plan  has  ever  been  proposed. 
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There  are  several  jndicaboiM  that  mechanieiana  in  different  pana  of 
Europe,  were  alive  to  the  power  developed  by  aleam  at  the  time  Garay 
was  making  his  experimenta  ;  and  we  have  little  doubt  that  interesting 
inforination  respecting  it  will  yet  be  obtained  from  the  obsolete  tomes  of 
the  XV  and  X  Vl  centuries.  Those  old  authors,  whose  works  are  geeer- 
ally  quoted  on  the  subject,  obviously  derived  their  iDfonnation  principally 
from  those  of  their  prBdeoessors  u  well  as  from  the  laboratories  of  the 
alchy  mists. 

Jerome  Cardan,  an  Italian,  bom  in  1501  and  died  in  1575,  one  of  the 
most  eceentric  geniuses  that  ever  lived,  in  whom  was  united  "  the  most 
transcendent  attainments  with  the  most  consummate  quackery,  profound 
sagacity  with  the  weakest  supersdlion  ;  who  on  one  page  is  seen  draw- 
ing the  horoscope  of  Christ,  and  in  another  imploring  his  forgiveness 
fer  the  sin  of  having  eaten  a  partridge  on  Friday ;  unfolding  the  most 
beautiful  relations  in  algebraic  aikalysis,  and  foretelling  from  the  ap> 
pearance  of  specks  on  his  nails  his  approach  to  some  discovery  ;  above 
all,  eloquently  enforcing  the  obligations  of  a  pure  religion  and  expressing 
the  fineit  sentiments  in  morals,  while  his  long  life  was  one  continued  ex- 
ertion, groesly  outraging  both.  Hare,  this  philosopher,  juggler  and 
madman,  ia  entitled  to  bnef  mention  from  displaying  in  his  writings  a 
knowledge  of  what  has  been  called  the  capalnlities  of  steam,  and  more 
particularly  with  the  (act  of  a  vacuum  bemg  speedily  procured  by  its 
condensation." 

That  the  alchymists  were  familiar  with 
the  formation  of  a  vacuum  by  the  con- 
densation of  steam,  and  with  raising  water 
into  it  by  atmospheric  pressure  is  certain. 
Their  ordinary  manipulations  necessarily 
made  them  acquainted  with  both.  In 
Fludd's  Integrum  Morhorum  MyMtervtrnf 
page  462,  he  illustrates  his  notions  re- 
specting fever  and  dropsy,  by  what  he 
calls  a  conmum  experiment,  and  with  the 
apparatus  figured  in  the  cut.  An  empty 
retort  or  one  containing  a  little  water  was 
suspendedover  a  fire  with  the  neck  turned 
N*i»  Fi.^  jp^„  i„j^,  J  ,g^l  of  ^^tgrj  when  the 

retort  was  heated  the  air  or  vapor  became  expanded  and  part  of  it  driven 
out  through  the  Kquid.  Upon  removing  the  fire,  the  water  was  forced  by 
the  atmosphere  through  the  neck  to  supply  the  place  of  the  air  or  vapor 
expelled  by  the  heat.  This  although  nothing  more  than  the  old  process 
of  filling  eolipiles,  most  of  which  could  be  charged  in  no  other  way, 
shows  that  the  principle  was  well  understood  and  adopted  in  various 
operations.  We  add  another  and  earlier  example  from  Forta's  Nalural 
Magic,  a  work  first  published  in  1560,  where  he  disdncll^  shows  the 
formation  of  a  vacuum  by  the  condensation  of  steam,  and  raising  of  water 
into  it  by  the  atmosphere.  "  Make  a  vessel  with  a  very  long  neck  ;  the 
longer  it  is,  the  greater  wonder  it  will  seem  to  be.  Let  it  be  of  transpa- 
rent glass  diat  you  may  see  the  water  running  up  :  fill  this  with  boiltng 
toater,  and  when  it  is  very  hot,  or  setting  the  bottom  of  it  to  the  fire  that 
It  may  not  preaantlie  wax  cold  ;  the  mouth  being  turned  downwards  that 
it  may  touch  the  water,  it  will  suck  it  all  in."  Discharging  the  hot  water 
is  not  mentioned,  but  thai  is  of  course  implied,  and  before  the  vessel  wae 
placed  on  the  fire~-while  full  of  hot  water,  it  could  not  suck  up  any  of 
thaeold.     (Book  19,  cap.  3.) 
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That  the  Mine  latxiricnu  exMiinwntara  were  Mquaintod  widi  th*  piopw- 

^  of  Btewn  to  displftCB  liquida  from  doM  veaaela  is  eqwaUy  cImt.  nxay 
of  their  operation*  made  Uem  {uaib&r  witb  tke  fast  tku  in  thia  roqwct  n* 
effects  were  similar  to  thoie  d  ccHnpruaed  air.  FoitMa  of  their  mpp*- 
n,tuB  were  admirably  adapted  to  prodooe  jets  of  water  foj  meau  of 
•teBm — the  mere  opening  of  a  cock  to  draw  off'  the  liijoid  ooatesla  of  b 
heated  alembic  would  ofuaa  illnaCnte  (he  Ofanlatfa,  juat  as  the  orertnia- 
■Dg  of  an  eolipUe,  or  inclining  one  tilt  the  orifice  wa«  covered  with  wxtar, 
wonid  do. 

So  far  afl  relates  to  ihe  prindplea  of  rHMng  liquid*  into  a  tscdob  faaaaA 
hy  the  condenaadon  of  steam,  and  forcib^  qovting  Aem  b;  its  elaatict^ 
nothing  new  wu  discoTered  \ty  Deoaus,  Worcaater,  Ssvery,  or  Papin : 
both  operaxianB  had  l(»)g  been  performed  with  eolipiles,  and  were  of  com* 
moQ  occurrence  in  laboratorieB.  It  was  in  the  extension  of'tiien  opetu- 
tions  to  hydraulic  purposes  that  the  merits  of  those  last  iHuned  cwnsuted. 
*  Draimng  machines'  were  wholljr  out  of  the  track  of  the  trensroaten  of 
metals— Uie  design  of  such  contriTancea  was  one  which  few  if  any  of 
them  would  have  stooped  to  pursue.  Had  ihev  m«d«  the  raising  of 
water  by  steam  a  subject  of  particular  study,  hardly  one  of  tbam  conkl 
hare  fsiled  to  produce  a  machine  similar  to  Sav«ry's,  for  every  element 
of  it  was  in  their  possession  and  in  constant  use.  'Tis  true  we  have 
at  yet  referred  only  to  the  expulsion  of  Aot  water  from  dose  vessels, 
but  the  application  of  steam  to  drive  cold  liquid* 
from  a  separate  vessel  was  not  unknown.  Of  thia 
there  is  an  incidental  but  very  conclusive  proof  in 
a  book  of  Porta's,  entitled  SpiritaU,  (named  after 
Heron's  work)  originally  published  in  Latin  in 
1601,  and  five  ^ears  after  in  Italian  and  Spanish. 
In  the  tr«nslabon  of  1606,  is  the  annexed  fignre 
No.  167,  designed  to  show  "  into  how  many  parts 
a  simple  portion  of  water  may  be  transformed" 
i.  e.  by  measuring  the  quantity  expelled  from  a 
close  vessel,  by  vapor  evolved  from  a  certain  qnaiw 
lity  heated  in  a  retort  "  Hake  a  box  of  glass  w 
tin,  (r)  the  bottom  of  which  should  be  pierced  with 
__.»„_  *  hole,  throuffh  which  shall  pass  the  neck  of  a  bot- 

tie  (a)  used  for  distilling,  containing  one  or  two 
ounces  of  water.  The  neck  shall  be  soldered  to  the  bottom  of  the  box 
■o  that  nothing  can  escape  there.  FrMU  the  same  bottom  shall  proceed 
ft  pipe,  (i)  the  opening  of  which  shall  almost  touch  it,  leaving  jiut  room 
enough  between  them  for  the  water  to  run.  This  pipe  shall  pass  through 
'n  the  lid  of  the  box,  and  extend  itself  on  the  ontside  to  a 
The  box  must  be  filled  vritb  water  by  a 
funnel  [e)  which  is  afterwards  to  be  well  closed,  so  as  not  to  allow  the 
air  [steam]  to  escape : — finally,  the  bottle  must  be  placed  npon  the  fire 
and  heated  a  little  ;  then  the  water,  changed  into  steam,  will  act  violently 
npon  the  water  in  the  box,  and  will  make  it  pass  through  the  pipe  (i)  and 
flow  off  on  the  outside,"  &e.'  This  apparatus  although  dengned  merely 
to  illustrate  the  relative  bulk  of  a  volume  of  water  and  that  of  die  steam 
into  which  it  might  be  converted,  jrei  exhibits  m  the  clearest  light  tha 
jirinciple  afterwards  adopted  for  r&ising  liqaids  by  the  elasticity  of  steaio. 

■  Ango's  Hwtdrf  of  dia  Sleani  EByne,  tnaslatsd  by  LieoL  Harswood,  U.  8.  N., 
.JouraalorthoFlsDktinlMtiUile,  Tol.  XXV.  Thn  dcvicg  orPDrta'anu,  ne  bslisTB, 
.Ant  btooght  fMwsnl  by  Mr.  Ainger,  an  Eagliab  wrilar,  whose  work  wa  have  Bot  Man. 


■'"K'^ 


Chap-  4.]  ilwfKttre tf  VenAthy  Sttam.  ■■■  40> 

The  dia^TWB  and  detcription,  obaorvM  Stnaitf  are  ao  oompleta,  diat  dia 
^ipUcation  to  mcli  a  pnrpoie  of  a  fimilar  apparatus  co«ld  ixrt  be  conn- 
dered  even  as  a  vanatioti  of  Foita's  idea. 

In  the  first  histories  of  the  modem  steam  engine,  its  origin  was  traced 
to  a  derice  for  raising  water,  proposed  by  the  Marquis  of  Worcester,  in 
his  Century  of  Inventions,  a  traot  wtitten  in  16Gfi  and  publiibed  in  1663. 
Subseqnent  researches  liave  brougfat  to  ligbt  bets  (tome  of  which-  have 
just  been  noticed)  wkicb  prove  that  iteam  was  applied  to  rhu  and  other 
purposes  long  before ;  and  future  inquiries  will  probably  produce  still 
earlier  examples.  Frevions  to  describing  other  old  applicHtions  of  diia 
fluid,  we  sluul  nobee  some  expernnents  whiefa  historians  of  the  steam  en- 
gine have  introduced.  Thus  Kivautt,  a  French  ooiinier,  is  said  to  bare 
"  disoovered"  in  1605  that  a  tight  bomb  ^ell  containing  u-ater  and  thrown 
into  a  fire  would  be  expWed  by  the  confined  rapor—^nd  by  Decuus  in 
K15,  that  a  close  copper  ball  partly  filled  with  water  and  heated,  would 
be  rent  asunder  with  a  noiae  resembling  that  of  a  petard — and  by  tbe 
hfarquis  of  Worcester  in  1663,  that  a  piece  of  ordnance  would  also  be 
flKploded,  if  treated  in  the  same  way  widi  its  month  and  touch-hole  plug- 
ged up.  Now,  the  fact  which  these  experiments  established  (if  they 
were  all  made)  was  one  with  which  every  person  who  ever  used  an 
Aolipile  was  familiar  ;  and  which  was  no  more  a  new  discovery  in  the 
beginning  of  the  seventeemh  century,  than  experiments  to  prove  that  tha 
oover  of  a  common  cauldron  might  bo  blown  off  by  the  same  agent,  ctnild 
have  been  in  the  middle  of  it  It  was  a  knowledge  of  the  same  fiict  tbat 
led  ancient  philosophers  to  account  for  the  phenomenon  of  earth  quake  »— 
which  induced  the  ministers  of  die  steam  deities,  mentioned  in  the  last 
chapter,  to  regulate  ibe  resistance  of  the  plugs  which  closed  the  moutfa 
and  eyes  of  the  idols,  so  as  to  give  wav  before  the  tension  of  the  steam 
exceeded  the  urength  of  the  metal,  and  blew  both  them  and  their  gods  to 
atoms.  When  the  Spanish  treasurer  objected  to  the  project  of  Garay  that 
the  boiler  might "  bunt,"  he  did  not  dream  of  having  made  a  discovery  of 
the  danger  arising  from  imprisoned  steam  :  had  such  been  the  case  his  ob- 
jection would  have  had  no  force  till  the  fact  upon  which  it  was  based,  had 
been  tested  and  become  generally  known — but  the  ground  of  his  oppodtion 
every  person  of  that  age  could  appreciate  as  well  as  wo  can  j  and  it  is  not 
improbable  that  on  that  ground  only  was  the  project  abandoned.  The 
same  objection  still  prevents  thousands  from  traveling  either  in  steam  boats 
or  steam  carriages. 

Examples  to  show  that  old  chemists  were  as  familiar  with  the  same  fact 
almost  as  vrith  "  the  cracklings  of  thorns  under  a  pot,"  might  be  quoted  in 
abundance — they  are  not  necessary,  but  we  shall  adduce  one  or  two.  In 
Ports's  Namral  Magic,  [BookX,  chap,  1,  on  Dittillatioit,)  he  speaks  of  re- 

filiating  the  capacity  of  stills  to  the  various  subaiances  treated  in  them, 
uch  as  were  of  "  a  flat  and  vapourous  nature"  require,  he  observes,  large 
vessels,  "  for  when  the  heat  shall  have  raised  up  the  flatulent  matter,  and  it 
finds  itself  straighten'd  .  .  .  ,  it  will  seek  some  other  vent,  owl  n»  tear  £&« 
vettelt  inpieetM,  which  will  fly  about  with  a  great  bounce  and  crack,  and  not 
without  endamaging  the  standers  by."  Again,  In  the  ninth  chapter  of  the 
same  book,  he  directs  that  particular  care  should  be  taken  to  make  the  joints 
tight  "  lest  the  force  of  the  vapours  arising  may  hunt  it  [the  still]  open 
and  scald  the  faces  of  the  by  slanders,"  That  such  occurrences  were  not 
uncommon  may  be  inferred  from  another  remark;  (in  the  2lBt  chapter  of  the 
10th  book,]  speaking  of"  tbo  separation  of  the  elements"  and  of  the  various 
substances  distilled,  ne  observes,  "  we  account  those  airg  which  till  the  ves- 
tals and  receivers  and  eamly  iuTit  them,  and  so  flie  out."    These  examplea 
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az9  luffideDt  tx>  prove  tliU  the  vretutSHe  force  of  steam  wben  confiiied,  was 
known  in  the  middle  of  the  sixteenth  century — in  fact  it  always  hag  been 
known  Moce  distillation  was  practised  or  an  eolipile  used.  Particular 
care  was  always  required  to  keep  the  orifice  of  the  latter  instrument  opeu 
when  on  the  ftre. 

Besides  the  Natuml  Magic  of  Porta  and  the  writinf^  of  Cardan,  there 
were  other  works  published  in  die  sixteenth  century  in  which  steam  is 
either  incidentally  mentioned,  or  expressly  treated  on.  About  the  year 
1660,  MotheiiuB,  a  Grerraan  preacher,  in  order  to  illustrate  the  enormous 
force  of  a  little  imprisoned  vapor,  introduced  into  a  sermon  a  description 
of  an  appsratui  "  answering  to  a  steam  enjpne" — an  instance  of  ingenuity 
equal  lo  that  of  Cardan,  wno  contrived  to  swell  the  contents  of  a  treatise 
on  arithmetic,  {which  he  wrote  for  the  booksellers  by  the  page)  by  ex- 

gtiating  on  the  motions  of  the  planets,  on  the  creation,  and  the  tower  of 
ibel.  Canini,  a  Venetian,  made  experiments  on  steam  in  1566.  In 
1560,  an  anonymous  tract,  printed  at  Orleans,  and  ascribed  lo  Besson, 
contains  an  account  of  tlie  expansion  of  water  into  steam,  and  the  relaiivo 
volumes  of  each.  About  1&97,  a  German  writer  propoied  the  whirling 
eolipile  of  Heron,  as  a  substitute  for  dogs  in  turning  the  spit,  and  recom- 
mended it  in  a  passage,  an  extract  from  which  may  be  seen  at  page  76  of 
this  volume. 

The  "  Forcible  Movements"  of  Decaus,  or  de  Cans,  is  the  neitt  au- 
thority for  early   notices   of  steam.     This   work  was   first   published  at 
Frankfort  in  1615,  and  in  Paiis  in  1624.     It  is  entitled  La  Rainnu  da 
Forct*  Mounantei,  avec  diverses  machines  tant  utiles  que  plaisantes,  &c  :— 
Reasons  of  moving  forces,  with  various  machines  both  useful  and   inler- 
esting.   The  title  seems  to  have  been  slightly  changed  in  different  editions; 
and,  as  noticed  at  page  319,  the  name  of  the  author  also;  a  circnmslance 
that  has  led  Mr.  Farey  to  suppose  there 
were  two  books,  written  by  oinerent  au- 
thors of  the  same  name.     In  the  English 
translation  of  1659,  which  consists  of  two 
parts  :  "  The  theorie  of  the  conduct  of  wa- 
ter" and  the  "  Forcible  movements,"  the 
theorems  on  steam  are  omitted.     By  these 
theorems  Decaus  intended  to  show  that 
heal  carries  off  water  hy  evaporation — that 
Steam  when  condensed  returns  to  its  origin- 
al bulk — and   that  a  hollow  ball  or  eolipile 
may  be  exploded  by  it.     The  only  device 
for  employing  this  fluid  which  he  has  given, 
is  in  illustration  of  the  fifth  theorem,  viz : 
Water  maybe  raited  a&OBe  it*  level  by  meant 
of  fire :  "  The  third  method  of  raising  water 
is  by  the  aid  of  fire,  whereby  diverse  ma- 
chines may  be  made.     1  shall  here  give 
the   description   of  one.     Take   a   ball   of 
copper  marked  A,  well  soldered  at  every 
part.     It  must  have  a  vent  hole  marked  D 
by  which  water  may  be  introduced  ;  and 
also  a  tube  marked     C,     soldered  into  the 
N&18&   D«m,  A.a  HIS.  lop  of   the  ball,  and  the  end   C  reaching 

nearly  to  the  bottom,  but  not  touching  ic 
AAer  filling  this  ball  with  water  through  the  vent  hole,  stop  it  close  and 
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pnt  the  ball  on  tlie  fire,  tlien  the  heat  acting  agunst  the  uid  ball,  will  oatue 
all  the  water  to  rise  through  the  tuhe       C" 

On  the  HUppoaition  that  this  apparatau  waa  originally  deaigoed  by  De-  ' 
caus,  M.  Ar^o  has  claimed  for  France  the  invention  of  the  steam  engine. 
The  English,  he  observes  in  hia  Memoir  of  Watt,  have  ascribed  the  honor 
to  the  Marquis  of  Woroenter  ;  but  on  this  side  the  channel,  "  we  main- 
tain that  it  belongs  to  a  humble  engineer,  almost  forgotten  by  our  bio- 
Krapbera,  vie.  Solomon  de  Caus."  And  in  hia  'History  of  the  Stewn 
£ngine,'  he  asserts  that  "  the  idea  of  raising  water  by  the  elastic  force 
of  Steam"  bebn^  to  the  same  individual.  With  the  disposition  and 
even  an  anxiety  to  give  to  every  inventor  bis  full  meed  of  praise,  we 
confess  that  we  cannot  perceive  in  the  figure  and  description  before  us, 
sufficient  ground  from  which  such  inferences  could  fairly  be  drawa. 
The  fact  is,  to  no  one  age  or  people  can  the  origin  of  the  steam  engine 
be  attributed — nor  yet  its  varions  applicationc.  That  some  have  contri- 
buted greatly  more  than  othen  to  develope,  toature  and  apply  it,  no 
person  doubts. 

Were  it  even  admitted  that  no  apparatus  precisely  like  that  represented 
in  the  figure  was  previously  known,  it  would  be  difficult  to  establish  the 
claims  put  forward  in  behalf  of  Decaos.  But  there  waa  nothing  novel 
either  in  iu  construction  or  in  the  principle  of  its  operation;  while  for 
Dearly  ail  pracucal  purposes  it  was  valueless. 

So  far  as  respects  the  apparatus  simply,  no  part  of  it  was  invented  by 
him.  It  is  figured  in  the  Spiritalia  as  an  illustration  of  Problem  IX,  via. 
a  hollow  sphere  partly  filled  with  water,  and  resting  upon  a  tripod,  with 
a  jet  pipe  extending  down  into  the  liquid.  Instead  of  fire  under  it  to 
raise  steam,  a  syringe  is  connected  to  the  upper  part,  by  which  to  inject 
air  or  water.  This  figure  is  copied  in  Plate  Vlt  of  the  "  Forcible  Move- 
ments," (Leak's  Trans]  and  of^it  Decaus  observes,  "  as  concerning  the 
figure  of  the  globe,  it  may  serve  for  pleasure  to  cast  the  water  very  hi^ 
by  the  pipe,  B^r  that  you  have  forced  it  in  with  violence  with  the  sy- 
ringe." Had  not  this  device  of  raising  water  by  air  compreaspd  with  a 
•ynnge  been  found  in  the  Spiritalia,  it  might  also  have  been  deemed  the 
invention  of  Decaus,  for  he  does  not  mendon  the  source  whence  he  de- 
rived it;  and  as  it  is,  we  think  he  may  with  as  much  reason  be  considered 
the  author  of  lur-engines,  as  the  first  inventor  of  steam  engines.  The 
apparatus  is  also  a  modification  of  that  by  which  Heron  raised  water  by 
the  heat  of  the  sun,  but  the  author  of  the  Spiritalia  was  too  well  versed 
in  the  subject,  to  introduce  in  that  work  such  a  device  as  that  of  Decaui. 

The  elevation  of  water  by  the  elasdc  force  of  steam  was  also  well 
known  before  the  lime  of  Decaus.  Nature  herself  has  always  presented 
striking  proofs  of  it  in  boiling  springs,  and  in  the  magnificent  fountaina 
and  jets  that  are  thrown  up  m  various  parts  of  the  earth  from  subter. 
raneous  cauldrons  by  imprisoned  steam  ;  aa  in  the  Oeysers  of  Iceland, 
'where  the  hot  liquid  is  thus  violently  forced  through  natural  tubes,  of 
nine  or  ten  feet  in  diameter,  lo  heights  varying  from  twenty  to  nine^ 
feet,  and  accompanied  with  intermitting  volumen  of  the  vapor ;  pheno- 
mena the  philosophy  of  which  was  well  understood  by  the  ancients.  But 
if  such  examples  are  deemed  too  indirect,  and  as  known  only  to  a  few, 
there  are  others  with  which  people  generally  have  always  been  convei^ 
sant :  Vessek  for  heating  water,  with  tubular  spouts,  whose  upper  orifices 
aland  higher  than  the  top  of  the  vessels  or  the  liquid  within  them,  are  of 
extreme  antiquity;  some  that  resemble  our  tea-kettles  and  coffee-pots  are 
foimd  portrayed  on  the  paintings  and  sculptures  of  Egypt     Now  every 
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OW  kitowt  diu  when  tlie  coven  of  tkeoa  fit  to  okwe  •>  to  prevent  tha 
neam  from  escaping  aa  &flt  u  it  is  ^nerued,  the  eonfiited  vapor  forces  up 
the  hot  liquid  through  the  spouta ;  and  in  a  manner  preeiiely  the  ume  as 
dcMribed  by  Decaus,  for  tbe  effect  ii  the  sante  whether  the  discharging 
tnbe  be  ootmected  to  the  lower  side  of  a  bcnler  like  a  lea-kettle  apoiK,  or 
iiuerted  through  the  ton  and  contiDiied  within  to  the  liquid.  From  anch 
domeBiie  exIuNdona  of  the  effecta  of  atearo,  the  devices  of  Heron  and 
other  ancient  experimentera  were  probably  derived :  a  person  whote 
thoughts  were  turned  to  the  aubject  of  raiwng  water  by  it  could  not  fait  to 
profit  by  them,  or  to  hit  upon  so  ali^t  a  nioaificatian  of  the  apjwratus  aa 
^own  in  the  last  figure. 

The  aame  application  of  steam  was  of^n  exhibited  by  alchymiBts  as  el- 
i«ady  observed  in  their  mampulations,  and  in  drawing  off  the  contents  of 
their  suIIb  and  retorts ;  but  it  was  atill  more  clearly  iUutrated  in  common 
Hfe  in  the  employment  of  eolipilea,  and  the  copper  ball  of  Decans  was 
merelyotieof  these  widiajetpipe  prolonged  intodie  liquid.  The  very  terms 
"  ball  of  copper,"  "  ball  of  brasa,  were  thoae  by  which  eojipiies  were 
deaignated.    (See  page  396.)     How  no  one  waa  ignorant  that  an  opening 


on  die  top  of  one  of  theae  inatrumenta  let  out  steam,  and  that  through  o 
near  the  oottom  hot  water  would  be  violently  expelled  through  a  vcrdea) 
tube,  if  attached  to  the  opening.  Suppose  the  one  figured  at  No.  185 
either  accidentally  or  designedly  placed  on  the  fire  with  the  tnbe  inclined 
■pwards,  and  heated  in  that  position  while  two  thirds  filled  with  water ; 
the  vapor  would  then  accumulate  in  the  dome,  and  would  necessarily 
drive  out  the  boiling  liquid  until  the  lower  oiifice  of  the  tube  wa*  no  longer 
covered  with  water :  or  imagine  No.  184  ioclined  till  water  rushed  out 
instead  of  steam.  That  auch  experiments  were  not  only  frequent  bnt  com- 
mon, no  person  can  reasonably  doubt,  although  no  notice  of  them  may  be 
found  in  hooka.  Sach  a  mode  of  raiaing  water  waa  of  little  value  and  not 
thought  worth  recording,  and  but  for  ita  introduedon  into  some  historiea 
of  the  steam-engine,  we  should  not  have  deemed  it  of  aufiiclent  importance 
to  nodca.  Moreover,  the  ordinary  mode  of  charging  eolipilea  wtiich  had 
but  one  minute  orifice,  via.  by  heating  and  then  plunging  them  in  vrater, 
must  have  frequently  caused  them  to  produce  liquid  jets,  in  consequence 
of  their  imbibing  too  much,  and  there  being  no  other  way  of  expelling 
the  surplus  than  by  placing  the  instrument  on  the  lire.  Probably  an  eoli> 
pile  waa  never  used  that  was  not  occaMonally  overcharged  with  the  liquid, 
and  dius  made  to  raise  a  portion  of  it  by  the  elaatic  forc«  of  (team.  At 
any  rate,  no  one  who  waa  familiar  with  those  instruments,  from  Heron  to 
Decaus,  could  have  been  ignorant  of  the  fact  that  they  might  be  applied  to 
produce  jets  of  hot  water  as  well  aa  of  vapor ;  and  few  ever  uaed  theiB 
who  did  not  occaaionally  make  them  produce  both. 

It  would  be  an  unjust  raflecdou  on  Decaua  to  suppose  he  could  not  hBT« 
^ven  a  better  plan  dian  No.  18S  for  raising  water  by  tttam,  if  the  project 
had  been  seriously  entertained  by  him ;  but  there  is  not  the  Hlightest  ground 
to  believe  ho  ever  dreamt  of  applying  that  fluid  to  hydraulic  purposes,  or 
as  a  substitute  for  pumps,  chains  of  pots.  Six.  He  certainly  would  have 
laughed  at  any  one  proposing  a  device  by  whioh  water  could  not  be  raised 
until  die  whole  of  it  was  boiled,  whether  the  quantity  was  a  pint,  a  hogs- 
head, or  a  million  of  gallons ;  and  in  some  casca  not  until  ita  temfxratore 
far  exceeded  that  at  which  ebulliuon  in  open  vessels  takes  place.  Why 
then,  it  may  he  asked,  did  he  mendon  the  device  at  all  t  Simply  id  show 
that  "  water  may  be  raised  above  its  level  by  means  of  fire."  Well,  but 
be  taya  that  "dtoeru  machines"  may  be  deduced  from  it.  True,  and  he 
has  given  a  deacripdon  of  one,  from  which  we  may  judge  of  the  rest :  theaa 
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ware  moat  likely  mere  triflm—wliimB  that  niited  the  taste  of  the  age. 
Ko.  1S9  19  probably  ooe  of  them,  which  a  contemporaneoua  English  author 
adJucea  under  "  Kxperimenta  of  mocions  by  rarefying  water  with  fier," 
and  of  which  be  also  observes,  other  denkxi  may  be  derived  from  it. 

Decaua  appears  to  hava  read  and  tmveled  much,  and  to  have  collected 
knowledge  from  every  source  withia  his  reach.  He  describes  saw-milla 
that  were  used  in  Swicierkad,  Hre-engines  of  Qermany,  canal-locks  which 
he  noticed  between  Venice  and  Padua:  he  cites  Tacitus,  Pausanias  and 
Pliny;  quotes  largely  from  Heron,  and  referc  his  more  learned  readers  to 
Archimedes,  a  commentary  upon  whose  writings  he  promises  to  undertake. 
Of  course  he  was  acquainted  with  the  works  of  Porta,  for  this  Neapolitan 
philosopher  and  his  wtitingi  were  greatly  celebrated  throughout  Eu- 
rope. Now  had  Decaui  turned  his  thonghta  at  all  to  the  elevation  of  water 
by  steam,  he  would  at  once  hare  perceived  the  advantages  of  a  devioe 
like  No.  1S7,  by  which  the  liquid  could  be  raiaed  in  uniimited  quantities 
without  being  healed  at  all,  as  well  as  under  all  possible  circumstances: 
and  having  perceived  this,  would  he  not  (if  the  project  of  thus  raising 
water  haa  ever  entered  his  head)  have  given  it,  or  a  modification  of  it, 
instead  of  No.  188 1  It  is  clear  thtit  he  wanted  ma  illustration  of  a  propo- 
sition merely,  and  the  one  he  has  given  he  considered  as  good  as  any 

As  long  as  the  Natural  Magic  and  the  Spiritali  of  Porta  ore  admitted 
lo  have  been  published,  the  former  abont  fifty  and  the  latter  at  least  ten 
years  before  the  work  of  Decaus,  there  is  little  if  any  thiTtg  whereon  to 
foiyid  a  claim  for  the  latter.  If  we  were  to  conoede,  what  certainly  is  lut 
"ettablisfaed  beyond  dispute,  thotthefirstideaof  raising  a  weight  by  means 
of  the  elastic  power  of  steam  belongs  to  the  French  author,"  thejiict  would 
stilt  remain  that  the  Neapolitan  had  long  befere  shown -Aotv  tAit  ctudd  he 
DONB ;  and  M.  Aj^o  has  himself  observed,  that "  in  the  arts,  as  in  the 
sciences,  the  last  comer  is  supposed  to  be  acquainted  with  the  labors  of 
those  who  preceded  him — all  denial  in  this  reepect  is  without  value."  Th« 
olyeet  of  Porta  in  introdnoing  the  device  referred  to  was  not  to  show  its 
application  to  raise  water,  and  it  is  not  fair  to  conclude  that  he  was  igno- 
rant of  its  adaptation  for  that  purpose  because  he  h^  not  gone  oat  of  bis 
way  to  point  it  ouL  It  has  also  been  objected,  that  hia  apparatus  raised 
the  liquid  to  a.  very  limited  height.  We  do  not  know  that  Decane'a  did 
more,  far  we  are  only  told  that  the  contents  of  the  ball  would  be  driven 
out,  without  the  slightest  intimation  of  an  elevated  discharge.  Well,  (an 
advocate  of  the  latter  will  say)  but  his  apparatus  is  capable  of  raising  wa- 
ter to  all  heights.  And  so  is  Porta'e.  But  had  Porta  "  the  least  idea  of 
die  great  power  which  steam  is  susceptible  of  acquiring  1"  The  extraets 
which  we  have  given  from  his  Natural  Magic,  on  the  rapture  of  vessels 
by  steam,  prove  that  he  was  well  avrare  of  it ;  and  the  Imok  from  which 
these  extroots  are  taken  wts  bis  eerliest  production,  beiog  published  in 
1560,  at  which  time  (he  observes  in  the  preface)  he  was  only  about  fifteen 
years  old.  To  conclnde,  we  are  constrained  to  embrace  the  opinion,  not- 
withstanding the  argnmenia  and  eloqnaace  of  H.  Arago,  that  the  device 
described  by  Deoaus  brought  to  light  no  new  fact,  and  gave  rise  to  no  new 
or  useful  result. 

Although  instances  rarely  ocenr  in  the  arts  in  which  the  elevmtion  of 
hot  water  by  the  steam  evolved  &om  it  could  be  of  service,  there  are  some, 
as  in  chemical  maoipulauons,  in  a  few  breweries  and  <fistiUenes,  and  also 
in  soap  manofitetories.  The  operation  in  the  latter  is  worth  noticing : — 
In  the  ordinary  process  of  mannfacturing  common  hard  soap,  three  or  four 
tons  are  oflen  nude  at  once  in  a  deep  iron  vat  or  boiler.  Into  this  seven! 
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fanndred  gallona  of  leT,  with  the  other  ingredienta,  tallov,  rosin,  lime,  &c. 
sre  put  After  the  ^rhole  baa  been  leveral  timeB  boiled,  the  semi-fluid 
mass  is  suffered  to  remain  some  time  at  rest,  when  the  ley  collecting  tl  ihs 
bottom  leKvea  b  thick  stratum  of  soap  formed  above.  As  no  openings  are 
made  in  the  sides  or  bottom  of  the  boiler,  the  hot  ley  is  drswn  off  at  the 
top,  and  is  usually  done  by  a  common  pump.  Long  aAer  the  fire  is  with- 
drawn steam  continues  to  rise  from  the  liquid  below  j  for,  from  the  vast 
mass  of  heated  materials,  their  non-conducting  ^rooerty,  and  that  of  the 
furnace,  the  heat  is  slowly  diuipated.  The  soap  in  llie  mean  time  actjuirea 
a  firmer  consistence,  and  prevents  the  vapor  from  escaping  above  almoit  as 
effectually  as  the  bottom  of  the  boiler  does  below  ;  so  that  not  until  the 
steam  attains  considerable  elastic  force  can  it  open  a  passage  thmngh, 
and  when  it  does  the  opening  is  instantly  closed  as  before.  When  there- 
fore the  pump  is  pushed  through  the  whole  to  the  bottom  of  the  var,  and 
started  to  work,  tne  liquid  continues  of  itself  to  pass  up,  being  urged  by 
the  steam.  (It  is  necessary  to  work  the  potnp  at  lirat  because  the  open- 
ings in  its  end  become  stopped  with  soap  in  passing  it  down.  The  end 
of^a  plain  tube  would  be  choked  in  the  same  way  ;  but  by  a  pump  at- 
taches to  it,  the  pressure  of  the  atmosphere  is  added  to  that  of  the  steam 
to  force  the  passage  open.)  The  large  body  of  soap  keeps  settling  down 
as  the  ley  is  discharged,  and  thus  preserves  the  steam  at  the  same  degree 
of  tension  until  all  the  ley  is  ejected,  when  the  steam  itself  escapes  aleo 
through  the  pump.  The  soap,  it  will  be  perceived,  acts  as  a  flexible  pis- 
ton, its  adhesion  to  the  sides  of  the  boiler  and  its  spissitude  and  weight 
effectually  confining  the  vapor  below. 

Of  the  origin  of  this  mode  of  rwsing  ley,  and  the  extent  to  which  it  is 
practiced,  we  arc  not  informed.  It  affords  however  an  example  of  the 
truth  of  the  remark,  that  important  results  may  be  deduced  from  attention 
to  simple  facts,  as  well  as  from  the  observance  of  common  products.  An 
examination  of  the  residuum  of  a  soap-boiler's  kettle,  it  is  well  known,  led 
to  the  discovery  of  a  new  chemical  element,  (iodine,)  and  of  its  virtues  as 
a  specific  in  the  cure  of  the  goitre  ;  and  from  the  preceding  remarks  it  may 
bo  mferred,  that  an  observing  Greek  or  Roman  soapboiler  might  have 
discovered  the  applicability  of  steam  to  raise  water,  since  he  possessed  all 
the  reauisite  machinery  in  his  ordinary  apparatus,  and  might  have  per- 
formea  the  operation  ua  oflen  as  he  mode  soap.  His  ingenuity  would  also 
have  been  rewarded  by  a  diminuDon  of  his  labor.  And  who  can  prove 
that  such  a  plan  whs  wt  in  use  in  some  of  the  old  soap-factories  of  former 
times  t  In  that,  for  example,  which  has  been  discovered  in  Pompeii,  in 
one  apartment  of  which  are  the  vats,  placed  on  a  level  with  the  ground, 
and  in  another  were  found  heaps  of  lime  of  so  superior  a  quality  as  to 
have  excited  the  admiration  of  modem  mannfiicturera.* 

Of  the  manipulations  of  ancient  mechanics  and  manufacturers  we  know 
tittle  or  nothine.  Of  the  thousands  of  their  devices,  many  valuable  ones 
have  certainly  been  lost  Some  of  these  have  been  revived  or  rediscovered 
in  modem  times,  among  which  we  think  may  be  mentioned  various  appli- 
cations of  steam.  There  were  indeed  so  many  occasions  for  the  employ- 
ment of  this  fluid  by  the  ancients,  and  particularly  in  rainng  of  water,  that, 
taken  in  connection  with  the  information  respecting  it  in  the  Spiritalia,  the 
part  it  was  made  to  perform  in  the  temples,  the  traces  of  it  in  the  hot 

*  So^i  mart  have  been  an  eipcosiva  aitide  smang  the  Grseks,  at  laui  raeh  u  was 
■wed  in  Iho  toiletta,  if  iva  were  Id  jnd(«  fi«m  lbs  amoimt  that  Dametrios  mortad  fran 
ihe  Aibenians,  vis.  3S0  talents,  whtcb,  says  Fbilarch,  "iiagsvs  to  Lamia  and  hiiotbar 
■istrasaa  I*  hag  tMf." 
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badiB  at  Rome,  and  tb«  apparatoi  of  Antlienuu*,  by  which  laat  it  ma 
adapted  to  a  very  novel  parpoM  aa  a  motive  a^nt,  thiu  eshibidng  re- 
source!  in  ita  appplicadon  that  could  only  be  derived  from  experience— 
we  cannot  diveat  ourselves  of  the  idea  that  the  ancients  were  better  ac- 
quainted with  the  mechanical  properties  of  steam  and  its  application  to  the 
arts  than  is  commonly  supposed. 

But  for  the  destruction  of  the  numerous  libraiies  of  the  ancients,  some 
of  which  contained  volumes  that  treated  on  every  subject,  we  should  have 
been  inbmately  acquwnted  with  their  arts  and  macbineTy ;  and  but  for 
the  logic  of  (^nar,*  we  might  have  been  in  possession  of  those  treatises 
on  mechanics  that  Clesibius  studied,  and  which  supplied  Heron  with  ma- 
terials  for  the  Spiritalia;  for  the  latter  refers  to  invendone  and  writings  of 
his  predecessors,  and  admits  having  incorporated  some  of  their  produc- 
tions  with  his  own.  Possibly  the  very  books  out  of  which  he  selected  the 
applications  of  steam  No.  179  and  No.  180  might  now  have  been  extant. 
The  destruction  of  such  works  as  these  was  a  severe  loss  to  the  world. 
Had  they  been  saved,  the  state  of  somcly  would  not,  in  the  following 
ages,  have  been  so  greatly  degenerated,  nor  would  the  arts  have  sunk  to 
so  low  an  ebb.  Mechanics  have  therefore  as  much  reason,  if  not  more,  to 
deplore  the  loss  of  those  volumes  that  treated  on  the  subjects  of  their  pur- 
suits, Bs  learned  men  have  to  regret  the  deetrucdon  of  those  that  related 
to  literature  only.  It  was  also  eauer  to  replace  the  latter  than  the  former 
— to  revive  the  literature  than  the  arts  of  the  ancients;  for  refiections  on 
history,  poildcs,  morals,  literature,  romance,  &c.  are  more  or  less  common 
to  our  race  in  all  umes,  and  in  every  age  men  will  be  found  to  clothe 
them,  or  selectioDS  of  them,  in  glowing  language ;  wberoas  n  '  '  ' 
'        '      *       '         "       '         by  &ie     ' 


,  though  of^n  brought  about  by  uie  observance  of 
facts,  are  frequently  the  results  of  fortuitous  thoughts  which  local  occur- 
rences or  ungular  circumstances  induce,  and  if  once  lost  can  hardly  he 
revived,  except  by  congenial  minds  under  similar  circumstances.  Besides, 
it  is  not  by  the  mero  arresting  an  idea  as  it  floats  through  the  mind  that 
discoveries  or  improvements  in  mechanism  are  effected  :  on  the  contrary, 
it  requires  to  be  culdvated  and  matured  by  reflection;  the  accuracy  of  the 
device  suggested  by  it  has  to  be  tested  by  models,  and  these  by  experi- 
ment, before  the  incipient  thought  becomes  embodied  in  a  working  ma- 


■  AmroB,  bis  ganeial,  hsvinf  taken  Aleiindria,  wrote  Ibr  dirMtioni  respecIiBg  the 
diopoulion  of  tbe  fkmoni  tibnrj  which  it  bad  bean  the  pride  of  ibe  Ptolemies  tocollact 
Tbe  reply  was— iTtbs  writings  spesd  with  tbe  doatrinas  of  ttas  Koran,  tbe^  were  asa- 
Uat;  and  \t  thsj  did  uo^  Ibs)'  ODgbl  to  be  iattntii.  Tbe  argument  wu  zrresiatiUs, 
Bad  Iks  whole  wars  burnt. 
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CHAPTER   V. 


amfaiM    In  IniHilT—CafUu  uuel  tnm  WUkint— SuHfa^  p*Miil  br  nfaiiif  wiUr  bf  In— Mi- 
Meu,  /ron  u  ol4  Exlub  iwk— Kjrrhir^ 
br  bj  iTim     Tnhn  hic— Anliqul^  of  boyi'  kttu  is  Ebf  land — Ducotdry  of  n- 

■  of  (UB»— A  mijng  plitgD  Iks  ■MaBtltl  ttUvn  ia 
■turn  ut<B«— Gu 
(iBW-Gurrlak*  ns  of  tk>  u 

Hovr  few,  how  exceedingly  few  of  the  coneoptiora  and  experimental 
researches  of  mechanics  have  ever  been  recorded  !  How  many  milUons 
of  nen  of  genius  have  passed  through  life  without  making  their  discove- 
ries known !  Even  since  printing  was  introduced,  not  a  moiety  of  those 
who  poiECSsed  in  an  unusual  degree  the  facul^  of  invention  have  pre- 
served any  of  their  ideas  on  paper.  Of  some  men  celebrated  for  the  no- 
velty of  their  devices,  nothing  ia  Known  but  their  nameB  ;  they  have  gone, 
and  not  a  trace  of  their  labors  is  left.  Of  others,  the  title  by  which  they 
deugnated  their  inventions  is  nearly  all  that  has  come  down — no  particu- 
lars by  which  we  might  judge  of  their  merits.  This  is  the  case  with  many 
of  the  old  experimenters  on  steam,  especially  those  who  raised  or  at- 
tempted to  raise  water  by  it.  Among  these  we  have  sometimes  thought 
Jjord  Baetm  should  have  a  place,  under  the  impression  tliat  he  employed, 
or  designed  to  employ,  that  fluid  to  raise  water  from  the  deluged  mines 
which  he  undertook  to  recover.  He  obviously  had  some  new  modes  and 
machines  for  the  purpose.  An  account  of  these  he  laid  before  the  King, 
(James  I)  who  approved  of  the  project,  and  consented  that  the  aid  of 
parliament  should  be  invoked.  In  the  "  Speech  touching  the  recovery  of 
drown'd  mineral  works,"  which  Bacon  prepared  to  be  delivered  before 
parliament,  is  the  following  passage  :  "And  I  may  assure  your  Lordships 
that  all  my  proposals,  in  order  to  this  great  architypc,  seemed  so  rational  and 
fea^Uible  to  my  Royal  Sovereign,  our  Christian  Salomon,  [!]  that  I  thereby 
prevailed  with  his  Majesty  to  call  this  honorable  Parliament,  to  confirm 
end  impower  me,  in  my  ow»  way  of  mming.hy  anact  of  the  same."*  This 
great  man  was  therefore  in  possession  of  a  novel  plan  of  accomplishing 
one  of  the  most  arduous  undertakings  in  practical  hydraulics ;  and  so  im- 
pressed with  a  belief  in  its  efficiency  that  the  king  was  induced  by  him  to 
call,  or  agree  to  call,  a  parliament,  chiefly  it  would  seem  to  give  sanction 
to  it.  What  the  plan  was,  we  are  not  informed,  nor  is  any  account  of  it 
believed  to  be  extant  Dr.  Tenison,  (Archbishop  of  Canterbury)  the  au- 
thor of  "  Baconiana,"  alluding  in  1679  to  Bacon's  "  Mechanical  Inventions," 
observes,  "His  vutrviMiitt  asd  ways  in  recovering  deserted  mines,  I  can 
give  no  account  of  at  all ;  though  certainly,  without  nCK  looit,  and  pectdiar 
utveiUunu,  he  would  never  have  undertaken  that  new  and  hazardous 
work.""  That  the  project  consisted  chiefly  in  some  peculiar  mode  of 
raising  the  wat^r  is  certain ;  and  it  is  worthy  of  remark  that  a  member  of 

■  Baconiani.  Loud.  1679,  p.  133.  '"An  Aeemuit  «rall  tha  Lord  Bacon's  WoAs," 
MbjsiBMl  to  Baceoitiu,  p.  17. 
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bis  honseholil  waa  a  mining  engineer,  and  celebrated  fin-  the  invendon  or 
Gonatruedon  of  hydraulic  engines,  viz.  "  Mr.  Thmtuu  S^uhtU,  one  of  hia 
lordship's  menial  servants ;  a  man  skilful  in  discovering  and  opening  of 
mioeB,  and  famous  for  his  curions  loat^r-viorkt  in  Oxfordshire,^  which 
ho  imitated  rain,  hail,  the  rainbow,  thunder  and  lightning."*  This  was 
probably  the  same  individual  who  is  mentioned  in  some  biographies  oa 
"  Master  of  the  Royal  Mines  in  Wales,"  under  Charles  1. 

That  the  application  of  steam  to  drain  mines  and  impart  motion  to  ma- 
obinerr  had  bernn  to  excite  attention  in  England  before  the  death  of  Ba- 
con, (in  1626)  IS  very  obvious.  Of  this  there  are  se%-eral  indications; 
and  within  four  years  of  his  demise,  a.Jiaitiit  was  granted  for  a  method  of 
discharging  water  "  from  low  pitta  iy  ,fire."  Then  he  was  acquainted 
wuli  the  writings  of  Porta,  and  consequently  with  the  apparatus  No.  167. 
No  ffxperiment  or  fact  of  the  kind  illustnited  by  this  could  have  escaped 
him,  even  if  he  had  not  been  engaged  in  the  project  of  recovering  flooded 


mines ;  and  be  was,  to  say  the  least,  as  likely  as  any  other  man  of  his  age 
perceive  die  adaptation  of  such  an  apparatus  as  No.  187  for  raising  wa- 
r,  and  also  to  apply  it.     We  hear  of  do  snth  uses  of  steam  iu  England 


before  his  time,  but  soon  after  his  death  they  make  their  appeoranc 
out  any  one  very  distinctly  to  claim  them.  It  may  however  be  said,  if 
Bacon  raised  water  by  steam,  Buahell,  his  engineer,  would  most  likely 
bavfl  done  the  same  after  the  death  of  the  chancellor,  and  proofs  of  this 
&cC  mig^t  be  obtained  from  an  examination  of  the  water-works  of  the 
latter.  Had  we  any  account  of  these,  the  question  most  likely  could  be 
setded ;  but  almost  the  only  information  we  have  respecting  the  machines 
and  labors  of  BnsheU  is  contained  in  the  extract  above,  and  there  is  but 
one  particular  from  which  any  thin^  respecting  their  construction  can  ho- 
inferred,  vis. — Ami  is  said  to  have  Tseen  produced  by  them.  How  ihifr. 
was  done  we  know  not;  possibly  by  admitting  high  steam  into  a  olose- 
vessel,  from  which  water  mixed  with  air^  was  expelled  with  a  velodtv- 
sufficient  to  produce  ice,  somewhat  in  the  same  manner  as  the  operation  i». 
performed  by  compressed  air  in  the  pressure  engine  described  at  page  362.. 
The  same  thing  was  done  by  others  who  we  know  did  experiment  oit> 
steam,  and  who  performed  Uie  operation  without  the  aid  of  a  great  fall  ofl' 
water.  The  Martiais  of  Worcester  mokes  it  the  subject  of  the  18ih  pro- 
posidon  of  his  "  Century  of  Inventions,"  in  a  fountain  which  he  says  ». 
child  could  invert.  And  a  century  before,  Cornelius  Drebble  "  made- 
certain  machines  which  produced  ram,  hail  sod  lightning,  as  iMMrally  oa- 
if  these  effects  proceeded  from  the  sky." 

But  whether  Lord  Bacon  used  steam  or  not — and  it  must  be  admitted* 
that  there  is  no  direct  evidence  that  he  did — it  is  interesOng  to  know  tbaCi 
bis  ereat  mind  was  bent  to  the  subject  of  roiring  water  on  the  most  ex- 
tensive scale,  and  this  too  at  the  dme  when  steam  first  began  to  be  propo- 
sed for  that  purpose  in  England.  On  this  account,  if  on  no  other,  ore  nio-^ 
labors  endtled  to  nodce  here.* 

■  Account  or  Lord  Baaoa'i  Works,  p.  19. 

*  Dr.  (aAerwanls  Bubop)  Bumett,  in  his  Letun  from  Italjr,  notiebg  the  watsr-worka . 
slFrMcali,  obaerres,  "ibamiitDreof  wiod  whli  Ibc  water  and  llie  thand«T  and  atonDi 
dial  tfaii  maksth,  is  nobW."    3d  •dUton,  Eotterdasi,  1687,  p.  Stit. 

'LordBaoonsBwaa  to  ban  been  graadr  inieraMed  in  mlnnig  and  intba  ndncliDB,. 
conpoonding  and  workiw  of  anlals.  In  hk  treadsa  ontlw  AdTaneetneatoTLMnihig- 
be  dirides  natnral  philoso  Af  tuM  tfae  mine  aad  ioniBea,  and  ^ilosopben  inio  piosewe 
•MdaBi1lM,oriliggtnaDdbasamereia;  tbefomnbaiu  »fmg»i  in  ttie  inquisition  af 
sanses,  end  tbe  latter  in  die  prpdnction  oT  effecto.  In  hi*  "  Phjsioloiieal  Raniains,"  v* 
find  tbeaeri^orfiiel  tbua  noticed  nnder  Um  bead  of  " Eiperimenti  Rir  ftofil :"  "Build) 
■Of  of  ebimneji,  fninaosa  aad  oveas,  to  gne  out  heal  witt  ktt  wood." 
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Three  yean  afler  Bacon's  deatfa,  tlie  fint  printed  account  waa  publiahetl 
of  any  modem  attempt  (yet  discovered)  to  communicate  moiion  to  solid* 
by  steam,  and  as  usu^  an  eoUpile  waa  employed.  Occupying  a  place  on 
t£e  domestic  hearth,  U  this  instrument  did,  the  shrill  current  proceedii^ 
from  it  must  have  ofien  excited  attention,  and  led  ingenious  men  to  ex- 
tend the  qtpUcaUon  of  the  blaat  to  other  purposes.  The  first  idea  that 
would  occur  to  a  novice  when  attemptioe  to  obtain  a 'rotary  movement 
from  a  current  of  vapor,  would  be  that  of  a  liR^t  wheel,  having  its  wings 
or  vanes  placed  ao  aa  to  receive  the  impulse,  in  a  similar  manner  as  little 
paper  wheels  are  made  to  revolve,  which  children  scpport  on  a  pin  or 
wire  and  blow  round  with  the  n>outh-~or  those  which  resemble  ventila- 
tors and  revolve  when  held  againat  the  wind  at  the  end  of  a  slick.  These 
toys  are  vertical  and  horixontal  windmills  in  miniature,  and  windmills  and 
■mok0-jacka  were  the  only  iustramenta  in  the  16th  century  that  revolved 
by  currents  of  air.  Hence  it  was  natural  to  imitate  the  movements  of 
these  in  the  first  applications  of  steam ;  and  the  more  so  since  steam 
at  that  time  was  generally  considered  to  be  nothing  but  air.*  Such  wa* 
&e  device  of  Giovanni  Branca,  as  described  in  a  work  entitled  The  Ma- 
dUne,  written  in  Italian  and  Latin,  and  published  at  Rome  in  16S3.  The 
volume  contains  sixty-three  engravings.  The  twenty-fifth  represenu  an 
eolipile,  in  the  form  of  a  negro's  head,  and  heated  on  a  brazier :  the  blast 
proceeds  from  the  mouth,  and  ia  directed  agunit  pallets  or  vanes  on  the 

Eeriphery  of  a  lai^  wheel,  which  he  thus  expected  to  turn  round;  and 
y  means  of  a  series  of  toothed  wheels  and  |nniooB,  to  comminucate  mo- 
tion to  stampers  for  pounding  drugs.  He  proposed  also  to  raise  water  by 
4t  with  a  chain  of  buckets,  to  saw  timber,  drive  piles.  Ice. 

It  ia  hardly  necessary  to  observe  that  the  apparatos  figured  by  Branca 
ia  all  probability  never  existed  except  in  his  imagination,  and  that  hia 
:Mainpers,  backets,  saws,  piles,  &c.  could  no  more  nave  been  moved  by 
"the  blast  of  his  eolipile,  Uian  those  venerable  trees  were  which  'Wilkios 
--and  older  writers  have  represented  being  torn  up  from  the  earth  by  a  man's 
•braUh — the  blast  being  directed  against  the  vanes  of  a  wheel,  and  the 
fforee  multiplied  by  a  series  of  toothed  wheels  and  pinions,  until  its  energy 
■could  no  longer  be  resisted  by  the  roots.^  Branca  seems  to  have  had  tbeae 
-childiBh  dreams  in  Ids  mind  when  he  proposed  a  continnous  stream  of 
steam  from  an  eolipile,  in  lieu  of  intermitting  pufis  of  air  from  a  person's 
'mouth.  Italian  writers  have  however  claimed  for  him  the  invention  of 
'the  steam-engine,  a  claim  quite  as  untenable  aa  that  put  forth  in  behalf  of 
Decsas ;  for,  in  the  first  plac«!,  his  mode  of  producing  a  rotary  motion  by 
'a  current  of  vapor  was  not  new  ;  all  that  can  be  accorded  to  him  in  this 
respect  is,  that  he  perhaps  was  the  first  to  pmilith  a  figure  and  description 
'  of  It.  Then  it  indicates  neither  ingenuity  nor  regearch.  There  probaUy 
'never  was  a  boy  that  made  and  played  with  "  paper  windmills"  who  would 
tnot  have  at  once  suggested  it,  had  he  been  consulted ;  snd  when  eolipilea 
were  common,  many  a  lad  doubtless  amused  himself  by  making  hb"  mills'* 


revolve  in  the  current  of  vapor  that  issued  from  them.  Moreover,  the 
device  is  of  no  practical  v^ue.  How  infinitely  does  it  fall  short  when 
compared  with  that  of  Heron,  (No,  180.)    The  philosophical  principle  of 

•  A  horiunlal  nod  a  vettical  windmiU  an  ficorad  at  foLio  10  ef  Bivioi'  tiauUlioB  of 
Vivuvia>,A.D.I548. 

'  BjtfaE  mnlliplieationarirhselssiidpiBioBS  itwareeas]>lo  bava  mBda,aajs  Wilkina, 
'"oneor&ampaaBKhairttfaslwaidwTed  ufi*,  to  have  been  of  nara  itrauth  Ifaan  all  of 
them  whea  the;  ware  on :  bjt  ifae  h«lp  of  ihtM  arts  it  is  poMiUe,  u  I  ihslTdeMOiwlwla, 
for  any  man  to  lift  up  tbegrulest  oak  bj  theroou  witbaNr«>,lopallitnBwilliaiair, 
ortoUawitapwiihhiafrKtk.''    JCslft. J(;v<<>>lH>oki,al>ap.U. 
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recoil  by  vhich  the  Alexandrnn  en^neer  imparted  motion  hy  Btea.in,  baa 
often  been  adopted,  and  engines  resembling  his  ore  made  even  at  this  day ; 
but  one  on  the  plan  of  Branca  never  vae,  and,  without  presumption  it 
may  be  aaid,  never  will  be.  The  principle  being  bad,  no  modiRcation  or 
extension  of  it  could  be  made  useiul.     No  boiler  could  by  it  be  made  to 


woHc  even  a  pump  to  inject  tbe  ceceaaary  supply  of  water. 

Mr.  Farey  has  well  observed  that  steam  has  so  little  density,  that  the 
the  utmost  effect  it  can  produce  by  perautiom  is  very  trifling,  notwith- 
Manding  the  great  velocity  with  which  it  moves.  The  blast  issuing  from 
an  eolipile,  or  from  the  spout  of  a  boiling  tea-kettle,  appears  to  rusk  out 
with  so  much  force  that  at  first  sight  it  might  be  supposed  its  power,  on  a 
larger  scale,  might  be  applied  in  lieu  of  a  natural  current  of  wind  to  give 
motion  to  machinery ;  but  on  examination  it  will  be  found,  that  the  steam 
being  less  than  halt  the  specific  gravity  of  common  air,  its  motion  is  im- 
peded and  resisted  by  the  atmosphere.  As  steam  contains  an  little  matter 
or  weight,  it  cannot  communicate  any  considerable  force  by  its  impetus  or 
n  when  it  strikes  a  solid  body.     The  fbrc 


also  soon  ceaaes.  This  may  be  observed  in  a  tea-kettle ;  the  vapor  which 
issues  with  great  velocity  at  the  spout,  becomes  a.  mere  mist  at  a  few  inches 
distance,  and  without  any  remaining  motion  or  energy  ;  and  if  the  issuing 
current  were  directed  to  strilce  upon  any  kind  of  vsnes,  with  a  view  of 
obtaining  motion  from  it,  the  condensation  of  &e  steam  would  be  still  more 
sudden,  because  the  substanoe  of  such  vanes  would  absorb  the  heat  of  the 
■team  more  npidly  than  air. 

Branc&'a  apparatus  has  been  made  to  figure  in  the  history  of  the  steam- 
engine,  but  with  eoual  propriety  might  the  child's  windmill  be  introduced 
into  that  of  ur-eneines,  for  the  analogy  is  precisely  the  same  in  both.  His 
device  bad  no  influence  in  developing  modem  engines.  Instead  of  lead- 
ing to  the  employment  of  the  fluid  m  close  vessels,  and  to  the  use  of  a 
piston  and  cylinder,  its  tendency  was  the  reverse ;  hence  so  far  from  indi- 
cating the  right  path,  it  diverted  attention  from  it. 

At  the  time  Branca  was  preparing  his  book  for  the  press,  some  experi- 
ments on  steam  were  being  made  in  England — or  so  it  would  seem  from 
Sanderson's  edition  of  Rymer's  Fosdera.  In  vol.  xix  is  a  copy  of  a  patent 
or  special  privilege  granted  by  Charles  I  to  David  Samseye,  one  of  the 
grooms  of  the  privy  chamber,  for  the  following  Jnventioiis ;  and  dated  Ja- 
nuary 21,  1630 : 

"  1.  To  multiply  and  make  saltpeter  in  any  open  field,  in  fewer  acres 
of  ground,  sufficient  to  serve  all  our  dominions.  2.  To  raite  vater  from 
low  pieu  hyfirr.     3.  To  makt  a»y  rart  t^  milU  to  got  om  lUmding  KoUrt, 


hy  eonlimuid  motion,  tcithout  tht  htlp  of  mud,  watte  [weight]  or  koTMe. 
To  make  all  sorts  of  tspistrie  without  anv  weaving  loom,  or  waie  ever  yet 
n  this  kingdome.     5.  To  make  boaU,  ihippet  and  barge*  to  goe 


agaiutt  ttrmtq  land  and  tidt.  6.  To  make  the  earth  more  fertile  than 
usual.  7.  To  raise  teaterJroM  low  placet,  and  mynet,  and  eoalpitta,  by  a 
new  waie  never  yet.  in  m»e,  3.  To  make  hard  iron  sofl,  and  likewise  copper 
to  be  tuffe  and  sof^  which  is  not  in  use  within  this  kingdome.  9.  To  make 
yellow  wax  white  verie  spoedihe."  The  privilege  was  for  fourteen  years, 
and  the  patentee  was  to  pay  a  yearly  rent  of  3i.  6r.  8<2.  to  the  king.  Mr, 
Farey  says  that  Itamseye  had  patents  for  other  inventions  from  Charles  I, 
but  does  not  enumeraM  tham.  As  it  was  not  then  customary  to  file  spe- 
cifications, there  is  no  record  of  the  details  of  his  plan. 

It  is  singular  that  English  writerv  have  passed  over  this  patent  almost 
without  comment,  and  yet  it  contains  the  first  direct  proposal  to  raise  water 
in  that  country  by  steam  of  which  any  account  has  yet  been  produoed. 
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It  may  perhaps  be  aaid,  that  ateam  is  not  mentioned ;  stit]  it  is  clearly  im- 
plied in  the  lecond  device,  and  was  probably  used  in  the  third,  Gfth  and 
seventh.  The  very  expreisioa  "  to  raise  water  by  fire,"  is  the  same  that 
Porta,  DecBus,  and  other  old  authors,  used  when  referring'  to  such  ap- 
plications of  steam.  Worcester,  Fapin,  Savery  and  Newcomen,  all  de- 
sciibed  their  machines  u  inventions  for  "raising  water  by  fire;"  and  hence 
they  were  n&med  "  fire  water-works,"  "  fire  machines,"  and  "  fire  ennnes." 
It  should  moreover  be  remembered  that  the  word  tteam  was  not  then  in 
vogue.  It  is  not  once  used  by  the  translaton  of  the  Bible.  The  fliiid  was 
generally  referred  to  as  air,  or  wind,  or  smoke,  according  to  the  appear- 
ances it  presented.  "Rarefying  water  into  ayer  by  fier,"  and  similar  ex- 
pressions, were  common.  The  idea  of  air  in  motion,  or  wind,  wu  also 
applied  to  currents  of  steam:  thus  wa  read  of  "heating  water  to  maka 
wind,"  and  eoIipUes  were  designated  "  vessels  to  produce  wind."  From  the 
form  of  clouds  which  steam  assumea  when  discharged  into  the  atmosphere, 
it  was  also  named  tmohe :  thus  Job  calls  it,  in  a  passage  already  quoted ; 
and  Porta,  in  descnbing  the  apparatus  No.  1S7,  speaks  of  it  both  as  smoke 
and  air.  "  The  water  [m  the  battle]  must  be  kept  heated  in  this  way  until 
no  more  of  it  renwins ;  and  as  long  as  the  water  shoU  itnoke,  (sfumera) 
the  air  will  press  the  water  in  the  box,"  &c. — and  again,  "  from  that  you 
can  conclude  how  much  water  has  run  out,  and  into  how  much  air  it  has 
been  chang«d."  Had  Ramseye  therefore  called  his  device  a  tUam  ma- 
chine, its  nature  would  not  have  been  so  well  understood  as  by  the  title 
he  gave  it,  if  indeed  it  could  have  been  comprehended  at  all  hy  the  former 
term.  The  expression  "  raising  water  (y,^re"  apoears  to  have  as  dis- 
tincdy  indicated,  in  the  17th  century,  a  steam-machme,  as  the  term  (tfOfN- 
engine  does  now ;  and  there  is  no  account  extant  of  any  device  either  pro- 
posed or  used,  in  that  century,  for  raising  water  from  wells  and  mines  btf 
fire,  except  it  was  by  ttuaiu  qftUam. 

The  date  of  this  patent  being  so  near  that  of  the  publication  of  Braflca's 
book,  it  may  perhaps  be  thought  that  Ramseye  derived  some  crude  notions 
from  it  of  applying  a  blast  of  steam  to  drive  mills  and  raise  water,  as  Stig- 
gested  by  the  Italian ;  but  we  should  rather  suppose  some  modification  ot, 
or  device  similar  to,  Porta's  (see  page  408}  was  intended  in  No,  S,  and 
that  Nos.  3,  5  and  7  were  deduced  from  it.  When  once  an  efficient  mode 
of  raising  water  by  Steam  (like  No.  187)  was  realized,  some  application  of 
it  to  propel  machinery  would  readily  occur.  We  know  that  Doth  Savery 
and  Papin  and  others  proposed  to  work  mills,  by  discharging  the  water 
they  raised  upon  overshot  wheels ;  and  this  idea  was  so  obvious  and  na- 
tural, that  hundreds  of  persons  have  proposed  it  in  lkt«r  times  without 
knowing  that  it  had  previously  been  done. 

Prom  the  order  in  which  the  first  three  devices  are  noticed  in  the  pKvi- 
lege,  it  is  possible  that  thoy  were  all  modifications  of  the  same  thing ;  that 
the  secona  and  third  were  deduced  from  the  first,  and  cousequendy  in- 
vented independently  of  any  previous  steam  machines.  The  operation  of 
making  saltpetre  or  nitre  consists  principally  in  boiling,  in  huge  vats  or 
cauldrons,  the  lixivium  containing  the  nitrous  earth ;  and  from  the  large 
quantities  of  water  and  fuel  required,  was  tbrmerty  carried  on  in  such 
places  only  as  afforded  these  in  abundance.  At  such  works,  the  idea  of 
employing  the  vast  volumes  of  vapor  (which  escaped  uselessly  into  the 
air)  to  raise  the  hot,  and  subsequently  cold,  liquids,  would  naturally  occur 
to  an  observing  mind,  and  especially  when  the  subject  of  raising  water  by 
•team  was  ozcidng  attention.  Certainly  the  idea  was  as  likely  to  occur  to 
practjcal  men  while  engaged  in  the  manufacture  of  nitre  in  the  beginning 
of  the  I7dt  century,  u  it  wu  to  WoroeKer  and  others  in  the  niid<Ue<^it 
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and  lo  Papin  and  S«Tery  at  the  close.  Perhapi  it  will  be  wid,  nitre  was 
not  made  in  England  at  that  Dme,  and  tlierefore  Ramseye  could  not  hare 
taken  the  hint  from  auch  works ;  and  that  the  augeesdon  could  only  have 
been  derived  from  a  long  practical  experience  in  tnem,  which  be  probably 
never  had.  This  may  be  true,  and  it  is  not  improbable  that  he  was  merely 
an  agent  in  the  basiness,  having  by  bia  influence  at  court  obtained  the 
patent  for  his  own  as  well  as  the  inventor's  benefit.  The  clause  attached 
to  the  6didevice,"notinuse  witbinf^;t(i^t{omc,"unplie8  that  they  were 
not  all  of  English  origin.  But  whatever  were  the  origin  and  details  of  those 
for  raisine  water,  it  is  clear  that  the  subject  of  steam  was  then  abroad  in 
the  world,  and  ingenious  men  in  various  parts  of  Europe  were  exercinng 
their  wits  to  employ  it 

It  appears  to  us  from  the  caption  of  Ramseye's  patent,  that  No.  2  (raising 
water  by  fire)  was  not  the  first  thing  of  the  kind  proposed  in  EnglBno, 
since  if  it  were  he  would  hare  said  so,  as  well  as  of  No.  8,  (softening  iron 
and  copper) — and  this  further  appears  from  what  he  remarks  of  No.  7, 
"  raising  water  from  low  places,  mynes  and  coal  pitts,"  probably  an  im- 
provement upon  No.  2,  and  differing  from  all  previous  applications  of 
steam  for  the  purpose ;  hence  we  are  told  that  it  was  a  "  new  waie,"  one 
"ntver  yet  in  tue.  Had  not  steam  therefore  been  previously  applied  to 
raise  water,  it  is  exceedingly  probable  that  he  would  have  attacfaea  a  airai- 
kr  remark  lo  No.  2. 

The  Treatise  on  Art  and  Nature,  mentioned  page  331,  is  the  oldest 
English  book  we  have  met  with  that  illustrates 
the  raising  of  water  by  steam  with  a  cut.     The 
annexed  figure  is  from  page  30.     It  possibly 
may  have  been  deduced  from  the  one  given  by 
Decaus,  (No.  185)  but  we  should  think  not; 
since,  although  the  volume  is  a  compilation,  and 
two  thirds  of  it  taken  up  widi  "  water- works," 
there  is  nothing  except  this  from  which  to  infer 
even  the  slightest  actjaaintaoce  with  Decaus's 
book.     It  seems  to  have  been  copied  without 
alteration  from  some  other  author.    It  is  named 
"A  amceiU^  Lamp,  having  Ae  image  of  a  cock 
tilting  on  the  top,  ont  of  whott  iiunilA   by  ike 
heat  of  tht  lamp  either  teater  or  ayer  may  he 
unt."     The  device  eonsists  of  an  eolipile  con- 
taining water  and  healed  by  a  lamp  ol  several 
wicks.     The  image  of  tbe  bird  is  nollow,  and 
cnmmunicates  by  a  species  of  three-way  cock 
with  the  steam,  and  also  with  a  pipe  that  de- 
scends into  the  liquid  ;   so  that  when  the  bird  is 
turned  round   till  an  opening  in  the  moveable 
disk  to  which  its  lower  part  is  attached  coin- 
No.  isr  A.  P.  ISM   1        cides  with  another  which  communicates  with 
the  steam  in  the  upper  part  of  the  vessel,  vapor 
iaaues  from  the  moutb ;  and  when  it  is  turned  till  the  upper  orifice  of  the 
pipe  corresponds  with  the  opening  in  the  disk,  then  hot  water  is  driven 
out ;  and  when  the  opening  in   the  disk   does   not  coincide  with  either, 
nothing  can  escape.     After  observing  that  an  opening  with  a  proper  stop- 
per should  be  made  in  the  vessel,  to  charge  it  with  water,  the  writer  con- 

•  No.  46  of  WercMler's  Csnlory  of  [nnntions,  i*  naimd  "  A  tniMl  eoaceitsd  Timkr- 
Boi;"  No.  71  "ASqiure  Ke^ama  coKoifsd  tbia  *aj  otbei,"  ami  No.  74  "Aem- 
srifsJ  Doer." 
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tiimo*— "  The  lai^er  j^ou  make  this  ve««el,  the  more  straAffe  it  will  sppear 
in  its  cfTecta,  so  die  Ughu  [wieki]  he  proporckiDBblB.  Fill  the  vesaetl 
h&lfe  full  of  water,  and  aet  tbe  ligbu  on  fire  uademeadi  it,  and  after  a 
sbort  time,  if  you  torn  the  holes  that  are  on  the  aides  of  the  pipes,  that 
they  may  aiuwer  one  another,  the  water  being  by  little  and  little  coo- 
verted  into  ftyer  [steam]  by  the  heat  of  tbe  lights  that  are  underneath,  will 
breath  forth  at  tbe  mouth  of  the  cock  :  but  if  you  turn  tbe  mouth  of  the 
cock  the  other  way,  that  the  holes  at  the  bottom  of  the  pipes  may  answer 
each  to  other,  then  there  being  no  vent  £>f  the  ayer  to  oreath  out,  it  will 
presse  tbe  water  and  force  it  to  ascend  the  pipe,  and  issue  ont  where  the 
ayer  breathed  out  before.  This  is  a  thing  may  move  great  admiracion  in 
the  unskilful),  and  such  as  understand  it  not  Other  devica,  and  tiuMe 
much  more  ttrange  m  tieir  effecU,  may  he  contrived  from  heiKe."*^ 

Kircher,  in  1641.  described  in  his  Ati  Magitetica''  tbe  device  for  raising 
water  figured  in  the  margin,  a  model  of  which  was  found 
in  his  museum  ailer  his  death.  A  close  vessel  coDtaining 
the  water  to  be  elevated  is  connected  by  a  pipe  that  pro- 
ceeds from  its  upper  part  to  the  top  of  the  boiler,  which 
is  supported  on  a  trevet.  When  the  boiler  was  heated, 
steam  ascended  through  the  pipe,  and  accumulating  in  the 
upper  vessel,  forced  the  water  up  the  jet-pipe  as  repre- 
sented. 

This,  it  will  be  seen,  is  Forta's  machine  (No.  187) 
adapted  to  the  operation  of  raising  liquids,  which  it  ex- 
hibits in  a  very  neat  and  satisfactory  manner.  It  b  not 
however  equally  clesr  that  Kircher  had  any  idea  of  adapt- 
ing the  plan  to  the  draining  of  mines,  or  other  hydraulic 
purposes  in  tbe  arts.  Had  such  been  the  case,  he  would 
noost  likely  have  mentioned  it  in  his  Muitditt  SuhterrancK*, 
a  work  published  some  years  afterwards,  and  in  the  se- 
cond volume  of  which  he  figures  and  describes  the  ordi- 
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chain  of  pots,  chain  pump,  and  atmospheric  pumps.  The 
{ona  of  the  model  (an  imitation  of  a.  vase  supported  on  a 
column)  rendered  it  an  appropriate  addition  to  his  phi- 
losophical apparatus. 

In  1643,  tne  great  discovery  of  atmospheric  pressure 
was  made ;  a  discovery  Whose  influence,  like  that  of  the 
atmosphere  itself,  is  felt  more  or  lessin  every  art  and  every 
science.  It  ted  in  a  very  short  time  to  a  series  of  mventiona  of  the  highest 
value,  among  which  the  reciprocating  steam-engine  should  probably  be 
placed.  We  mention  it  here  in  chronological  order,  that  its  inHuence  in 
developing  and  improving  the  machine  just  named  may  be  more  readily 
appreciated  when  we  come  to  notioe  subsequent  attempts  to  impart  motion 
by  steam. 

'  John  Bate,  who  publiihed  a  trealiie  on  Fire-wniin  inl63S.vru  perhaps  the  ccmpilsr 
oritais  ciiriout  volume.  Stmti,  in  hia  Sporu  Aid  PutimM  o(  iba  People  sf  Englssd, 
qnotae  Bate'>  book,  but  il  would  •eem  that  the  lame  cuts  were  not  in  both,  for  when 
■peaking  oS  toyi' kUu,  Stinllolservee  Ihal  ths  earl i»I  notice  of  them  that  he_  could  God 
ID  hooka  via*  in  an  English  and  French  Dictionary  of  1690 ;  wheteai  there  i>  a  figura 
of  a  man  flying  one,  with  cracken  and  other  Grs-worki  attached  to  the  tail,  >b  the  se- 
cond part  or  ■'  Art  and  Nuturc." 

'  This  work  wu  pabliatied  in  qnarto,  at  Rome  and  Colonns,  in  1641 )  and  in  folio, 
St  Rome,  in  1654.  Catalogue  of  Kircher'*  Works  at  the  end  of  the  Gtsl  Tolnme  of 
Mimdat  S^erramM*.  AuMieidam,  1665. 
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of  the  17th  century,  whOM  namei  bcive  perislied ;  and  of  their  labors 
thing  ia  known,  except  an  enumeration  of  the  uiea  to  which  some  of  their 
invendona  could  be  applied.  As  example  of  this  u  furnished  by  an  ajio- 
nymoDS  mtmphlet,'  published  in  1651, from  which  the  following  extract  'u 
t^en.  The  device  referred  to  seenu  to  bare  posaeMed  every  attribute 
of  a  modem  high-pretaure  engine,  and  the  various  spplicadona  of  the  lallei 
appear  Vo  have  been  anticipated.  "  Whereas,  by  ue  blessing  of  God, 
who  only  is  the  giver  of  every  good  and  perfect  gift,  while  I  waa  search' 
log  af^r  thst  which  many,  far  before  me  iu  all  bumane  learning,  have 
aougbt  but  not  yet  found,  via,  a  petpetual  motion,  or  a  lessening  the  dis- 
tance between  atrengtb  and  lime  ;  tiiough  I  say,  not  that  I  have  fully  ob- 
tained the  thing  itself,  yet  I  have  advanced  so  near  it,  that  already  I 
eao,  with  the  strenffih  or  heipe  of  four  men,  do  any  work  which  is  done  in 
England,  whether  by  winde,  water  or  horses,  as  die  gnndins  of  wheole, 
rape,  or  raising  of  water ;  not  by  any  power  or  wisdome  of  mine  own, 
but  by  God'a  assistance  and  (I  humbly  hope,  aAar  a  sorle,)  immediate  di- 
rection, I  have  been  guided  in  that  search  to  treade  in  another  pathe  tlian 
«var  any  odier  man,  that  1  can  hear  or  reade  of,  did  treade  before  me ; 
yet,  with  so  good  success,  that  /  have  already  erected  one  litiU  ngine,  or 
great  ntodel,  at  Lamietk,  able  to  give  sufficient  demonstration  to  eidier 
«rdst  or  ot^r  person,  that  my  invention  is  useful  and  beneficial,  (let  others 
say  upon  proof  how  much  more,)  as  any  other  way  of  working  hitherto 
known  or  used."  And  he  proceeds  to  give  "  a  list  of  the  uses  or  applica- 
doos  for  which  these  engines  are  fit,  for  it  is  very  difGcult,  if  not  impossi- 
ble, to  name  them  all  at  the  same  dme.  To  grind  malt,  or  hard  come ; 
to  grind  seed  for  the  making  of  oyle ;  to  grind  colours  for  potters,  pointers, 
or  glasie-liouses ;  to  grind  barke  for  tanners;  to  grind  woods  fbr  dyers; 
to  grind  spices,  or  an^e,  tobacco ;  to  grind  brick,  die,  earth,  or  stones  for 
plaster ;  to  grind  tmgar-caitn ;  to  draw  up  coales,  stones,  ure,  or  the  like, 
or  materials  for  great  and  high,  buildings;  to  drawvrgrei  to  draw  water 
from  mines,  meers,  or  fens ;  to  draw  water  to  serve  cides,  townes,  castles; 
and  to  draw  water  to  £ood  dry  grounds,  or  to  water  grounds ;  to  drato  or 
hale  ikipt,  hoaia,  tfi.  Mp  riven  againtt  lie  *lream  ;  to  draw  cart*,  vjogom, 
ifC.  a*  Jiui  vithaiU  eattei  .*  t»  draie  the  pUmgi  vUiottl  ealld  to  the  tame 
dftpaUk  if  need  be  I  to  br«ke  bempe,  flax,  &c.;  to  veigh  tmchore  mthleu 
tnmbU  aid  toomer;  to  sfnn  cordage  or  cables ;  to  bolt  maale  foster  and 
fine ;  to  saw  stone  and  timber ;  to  polish  any  stones  or  mettsls ;  to  titme 
any  great  worki  in  wood,  ttane,  mettaU,  IfC.  Uiat  conld  hardly  be  done  be< 
fore  ;  to^  mtch  cheaper  m  all  great  work*;  to  bore  wood,  ttone,  metialt; 
to  thrashe  eorne,  if  need  be;  to  winnow  carae  atoll  times,  belter,  cheaper, 
&c.  For  paper  mills,  thread  miUe,  iron  mills,  plate  mUU;  eum  mtdlte 
aliia."  If  this  extraordinory  engine  of  modou,  observes  Mr.  Stuart,  to 
whom  we  are  indebted  for  the  extract,  was  not  some  kind  of  a  sieam- 
engtuc,  the  knowledge  of  an  equally  plasdo  and  powerful  modve  Bg«nt 
has  been  utterly  lost. 

Steanl  is  not  here  indicated,  but  it  is  difficult  to  conceive  any  other 
agent,  unless  some  explosive  oompound  be  supposed,  by  which  the  pres- 
sure of  the  atmmpbmv  was  excited.  That  the  engine  consisted  of  a 
wotting   cylinder  aud   pisUin,  and  the  latter  moved  by  steam,  must  we 

>  hamtioK  aj  fagii 
ed  any  work  now  doi 

■nd  ■winns«,)«iiher  b] , , ,  _. , .  —  ..  . 

lian  and  mars  proSt  tkao  bj  ooj  Italng  hitherut  known  and  bk4."    London,  1S61. 


w  done  in  Engliuid,  or  ebswiMTe,  (stpoeiallv  woriu  that  raqaira  ■traoMh 
eiiher  bj  water,  nisd,  oattel,  or  men,  and  thai  with  bettor  secommodft- 
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think  be  admitted ;  for  althou^  moat  of  the  openbou  ntentioned  might 
have  been  performed  by  forcinr  up  water  on  an  ovenhot  wbeel,  bv  an 
sppamua  atmilar  to  Papin's  or  Savery'a  ateaia-engiiies,  there  axB  ouien 
to  which  such  a  mode  waa  quite  inapplicable,  aa  raising  of  anehota,  or 
propelbng  carta,  wagons  and  ploughs.  The  inveator,  wboerer  be  wu, 
has  given  proofs  of  an  exiraordinai^  sagacity,  for  every  operation  named 
by  him  ii  now  effected  by  the  steam -engine,  except  raiung  the  aoebors  of 
■team-vesBeU  and  ploughing.  The  latter  is  at  present  the  subject  of  ex- 
periment, and  the  former  will  in  all  probabilitv  be  soon  adopted.  The 
author's  labors  were  most  likely  not  appreciated  by  his  contemporaries, 
and  as  the  world  is  always  too  apt  to  think  the  wont  in  inch  cases,  the 
whole  will  probably  iuhs  be  set  down  by  some  persona  aa  the  dream  of  n 
•anguine  projector — the  jndgment  commonly  passed  upon  those  who  are 
in  advance  of  the  age  they  live  in.  Of  this  lamentable  truth  several  ex- 
amples will  be  found  in  this  volume,  and  in  the  history  of  every  important 
invention.  We  shall  notice  two  here,  as  they  relate  to  two  of  the  moat 
valuable  applications  of  steam.  OHver  Emm,  in  1786,  urged  upon  * 
committee  of  the  legialature  of  Pennaylvania,  tbe  advantages  to  be  derived 
from  steam-boats  and  "steam- wagons,"  and  predicted  their  universal 
adoption  in  a  short  dme.  The  opinion  which  the  committee  formed  of 
him  waa  expressed  a  few  years  afterwards,  by  one  of  its  memben,  in  the 
following  words;  "To  tell  you  the  truth,  Mr.  Evans,  we  thought  you 
e  deranged  when  you  spoke  of  making  fUam-viagoHt."     The  other 


relates  to  JoAk  FiUk,  a  clock  and  watch  maker,  than  whom  a 
nious,  persevering  and  unfortunate  man  never  lived,  in  spite  of  difficulties 
that  few  could  withstand,  he  succeeded  in  raising  the  means  to  construet 
a  steam-boat,  which  be  ran  several  times  from  Philadelphia  to  BurlingtCHi 
and  Trenton  in  17SS.     As  a  first  attempt,  and  from  the  want  of  proper 


manufactories  of  machinery  at  the  time,  it  was  of  necessity  imperfect : 
then  public  opinion  was  unfavorable,  and  the  ■hareholders  finally  aban- 
doned the  scheme.  His  feelings  may  ba  imagined,  but  not  described  ; 
for  he  saw  and  predicted  the  glory  that  awaited  the  man  who  should  suc- 
ceed in  introducing  such  vessels  in  more  favorable  times.  "  The  day  wdl 
come  [he  observes]  when  some  more  powerful  man  will  get  fame  and 
riches  oy  my  invention,  but  nobody  will  believe  that  poor  John  Fitch  can 
do  any  thing  worthy  of  attention."  He  declaied  that  within  a  century 
the  western  rivers  would  swarm  with  steam-vessels,  and  he  expressed  a 
wish  to  be  buried  on  the  margin  of  the  Ohio,  that  the  music  of  marine  en- 

S'nes  in  passing  by  his  grave  might  echo  over  the  soda  that  covered  him. 
I  a  letter  to  Mr.  Ritteohouse,  in  1792,  ha  shows  the  applicability  of  steam 
to  propel  ships  of  war,  and  asserts  that  the  same  agent  would  be  adopted 
to  tiavigate  the  Atlantic,  both  for  packets  and  armed  vessels.  Descanting 
on  one  occasion  upon  his  favorite  topic,  a  person  present  observed  as  Fit<£ 
retired,  "  poor  fellow  I  what  a  pity  be  is  crazy  !"  He  anded  his  life  in  a 
fit  of  insanity  by  plunging  into  the  Allegany.* 

In  tracing  the  progress  of  discovery  which  resulted  in  the  steam-engine, 
we  have  seen  that  the  two  grand  properties  of  aqueous  vapor — its  elastic 
energy,  and  the  instant  annihilation  of  this  energy  by  oondensation^were 
well  Known  in  the  16th  century.  On  these  properties  of  steam  were  based 
all  the  efforts  of  experimentera  to  acoompHsh  the  two  great  objecta  they 
had  in  view;  i.  e.  to  impart  motion  by  it  to  general  mechanism,  and  to 
.employ  it  as  a  substitute  for  pumps  to  raise  water.     Before  either  th« 

Hflise ;  sod  WUBaa,'* 


■  Supnienteni  to  Art.  "Sieam-Boat,"  Ed.  Encyelopadia,  by  Dr.  He 
■"  Early  SBKlawsnt  and  ProiTea  of  PbUadelphta,"  in-    Phil  1833. 
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etude  force  or  the  oondenudoB  nf  neom  could  be  beneficially  applied  ta 
give  motioii  directly  to  soUda,  Bome  plan  very  different  from  that  of  Branca 
wfta  required— one  by  which  the  nuid  could  be  uied  in  dote  Tcweli. 
Now  there  is  in  the  whole  ruige  of  mechanical  combinationg  but  one  de- 
vice of  the  kindyet  known,  and  it  haa  but  few  modifications,  viz.  aputon 
and  eylvuUr.  experience  has  proved,  that  of  all  contrivances  for  trans- 
mitting the  force  of  highly  elastic  fluids  to  solid  bodies,  this  is  the  best. 
Thus  guns  are  cylinders,  and  bullets  are  pistons,  fitted  to  fill  the  bore  and 
at  the  same  time  to  move  through  the  straight  barrels.  It  is  the  same, 
whatever  the  impelling  agent  may  be;  whether  ^n-powder,  steam,  or 
compressed  air.  The  air-guns  of  Ctesibius  are  the  oldest  machines  of 
the  kind  on  record,  and  from  them  we  see  that  the  aBcIents  had  detected 
tllis  mode  of  employing  afiriform  fluids. 

Steam-engines  simply  considered  are  but  modifieadons  of  guns.  In  the 
latter,  the  bullet  or  piaton  is  driven  ennrely  out  of  the  cylinder,  and  !□ 
one  direction  only,  because  the  intention  is  to  impart  the  momentum  to  a 
distant  object  at  a  blow  ;  but  by  the  former  the  aesign  is  to  derive  from 
the  moving  bullet  a  eottCMUunu  force;  hence  it  is  not  allowed  to  leave  the 
cylinder,  but  is  made  to  traverse  incessantly  backwards  and  forwards 
within.  In  order  to  transmit  its  impetus  to  the  outside  of  the  cylinder 
and  to  the  nbject«  to  be  acted  upon,  a  straight  rod  is  attached  to  it,  and 
made  to  slide  through  an  opening  in  one  end  of  the  cylinder.  It  is  by 
means  of  this  rod  that  motion  is  imparted  to  the  machinery  intended  to  be 
moved.  All  the  mechanism,  the  wheels,  cranks,  shafls,  drams,  kn.  of 
steam-engines  are  but  appendages  to  the  cylinder  and  piston ;  they  may 
be  removed  and  the  energy  of  the  machine  still  remains;  Imt  take 
away  either  cylinder  or  piston  and  tbe  whole  becomes  iArt  as  the  limbs 
of  ati  aninial  whose  heart  has  ceased  to  beat  Therefore  it  is  the  working 
cylinder  and  piston  alone  that  give  efliraency  to  modern  aceam-engines ; 
uid  it  is  to  those  persons  who  contribated  to  introduce  them,  that  the 
glory  attending  the  invention  of  these  great  prime  movers  is  chiefly  due. 

Whatever  may  be  said  respecting  more  ancient  applicadons  of  steam  as 
ft  moving  power,  modem  engines  are  one  of  the  results  of  the  discovery 
of  atmoapheric  pressure.  AH  the  early  ones  of  which  descriptions  are 
extant  were  rather  air  than  steam  machines,  not  being  moved  by  the  latter 
fluid  at  all.  Their  inventors  had  no  idea  of  employing  the  elastic  force 
of  steam,  but  confined  themselves  to  the  atmosphere  as  a  source  of  motive 
force :  hence  they  merely  applied  steam  in  lieu  of  a  syringe  to  displace 
air  from  a  cylinder,  that,  when  the  vapor  became  condensed  by  cold  into 
a  liqaid,  the  atmosphere  might  force  down  the  piston.  That  tliu  was  the 
way  in  which  modem  engines  took  their  rise  appears,  further,  from  the 
same  feature  being  retained  in  a  great  portion  of  them  to  this  day.  They 
are  now  ranged  in  three  classes — 1st  atmoipherie,  8d  lom  preuurt,  and  3a 
high  preMiire  engines;  and  this  we  know  is  the  order  in  which  they  were 
developed.  In  the  first,  the  power  is  derived  exclusively  from  the  atmos- 
phere, the  vapor  employed  being  used  only  as  a  substitute  for  an  air-pump 
in  making  a  vacuum  under  the  piston.  In  process  of  time  the  second  was 
devised,  in  which  the  elasdc  force  of  steam  is  made  to  act  against  one  side 
of  the  piston,  while  a  vacuum  is  formed  on  the  opposite  side.  The  next 
Step  was  to  move  tbe  piston  by  the  steam  alone,  axiA  such  are  named  high< 
pressure  engines.  The  term  *tram-eneine  is  therefore  not  so  definite  as 
some  persons  might  suppose,  since  it  is  not  confined  to  those  in  which 
•team  is  the  prime  mover.  Had  it  not  been  for  Torricelli's  discovery,  it 
is  possible  that  we  should  never  have  known  any  other  species  of  steam- 
Murtne  than  those  of  the  third  class;  and  hence  we  repeat,  that  whateTOt 
M 
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may  be  thought  df  engines  m&de  previous  to  the  17th  century,  thoao  of 
modem  days  were  obrioual;  derived  from  atmospheric  ones  of  the  firK 
cUaa,  while  these  in  their  torn  were  very  likely  dedueed  from  the  apps- 
TMus  described  in  the  next  paragraph. 

Otto  Guenicke,  of  whom  we  spoke  at  page  190,  one  of  the  earliest,  and 
u  &r  u  meohanical  ingenuity  went  perhaps  the  most  gifled,  of  the  early 
eluddatora  of  atmospheric  pressure, 
exhibited  in  his  public  experiment^ 
U  RatisboD,  in  1654,  the  following 
appliimtioa  of  that  pressure  as  a  mo- 
tive force.  A  large  cylinder.  A,  was 
firmly  secured  to  a  post  or  frama. 
It  was  open  at  the  top  and  closed  at 
the  bottom,  and  had  a  piston  accu- 
rately fitted  to  woi^  in  iL  A  rope 
was  fastened  to  the  piston-rod  and 
passed  over  two  pulleya.B  C,bs  rep> 
resented,  by  which  waa  suspended  ft 
scale,  D,  containing  several  weights. 
When  the  air  wta  withdrawn  from 
the  lower  paia  of  the  cyUnder,  tb« 
pressure  of  the  atmosphere  depress- 
ed the  piston  and  raised  the  scale  and 
weights.  To  vary  the  experiment, 
the  weights  were  removed  and 
IIS.UL  Bssribkfc  A.iLm.  twen^  men  were  employed  to  pull 

^  at  the  rope  with  all  their  strength  ; 

but  as  soon  as  a  vacuum  was  made  by  the  sm^l  air-pump  attached  to  the 
bottom  of  the  cylinder,  the  piston  descended,  notwithstanding  all  their 
efforts  to  prevent  it. 

This  is  the  oldest  appsfatus  on  record  for  transmitting  motion  to  solids 
by  a  piston.  We  can  however  hardly  believe  that  it  wns  the  first  devised 
for  the  purpose.  It  would  he  strange  if  it  were ;  for  whatever  may  have 
been  the  nature  of  Anthemius's,  Oaray's,  and  other  oM  machines  in 
which  steam  was  the  active  principle,  pumps  and  syringes  had  been  too 
ootnmon,  and  experiments  with  them  too  frequent,  for  such  a  device  to 
have  been  unknown.  Such  men  as  Aristotle  and  Archimedes,  Ctesibius, 
Heron,  Roger  Bacon  and  their  successors,  were  all  aware  that  a  syrinee 
presented  the  same  phenomenon  as  Guerricke's  apparatus,  when  the  pis- 
ton was  drawn  up  while  the  discharging  orifice  was  closed  :  the  same 
thing  was  also  observed  with  common  pumps  when  the  suction-pipes  were 
either  closed  or  choked.  Experiments  thereibre  to  illustrate  the  force 
thus  excited  were  in  all  probability  mode,  and  with  apparatus  similar  to 
that  of  the  Prussian  philosopher,  long  before  his  time,  although  no  account 
of  them  is  extant.  But  if  even  such  had  been  made,  they  would  not  lessen 
in  any  degree  the  merit  of  Guerricke,  since  his  experiment  undoubtedly 
originatea  with  himself,  and  all  knowledge  of  similar  ones  had  been  lost 
In  this  device  we  behold  the  same  moving  force,  and  the  same  mecha- 
nism for  applying  it,  as  were  subsequently  adopted  in  steam -engmes,  which 
at  first  were  little  more  than  copies  of  this  .*  for  example,  had  a  loaded 
pump-rod  been  suspended  to  the  rope  instead  of  the  scale  and  weights, 
the  apparatus  would  have  differed  from  Newcomen's  engine  only  in  the 
mode  of  exciting  the  atmospheric  pressure.  To  Guerricke,  therefore,  is 
due  the  credit  of  having  not  only  pointed  out  the  power  which  alone  gave 
efficiency  to  the  first  steam-machines,  but  also  of  devising  the  moat  efieo- 
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tiul  ueuM  of  emptoying'  it.  No  one  could,  we  think,  claim  ut  eqaal  d»- 
gTcG  of  merit  for  airaply  applying  (not  inTentiog)  another  mode  of  prodn- 
cing  a  vacuum  under  tne  puton;  but  without  iBMSliog  on  this,  it  m&y  be 
obaerved  that  even  at  present,  in  all  low-prewure  engines,  the  vacuum  is 
made  just  aaG-ueiriclu  made  it,  vii.  by  an  air-pump ;  so  that  theimprao 
of  his  ^niua  on  the  steam-engine  is  no  more  obliterated  in  this  ictpect 
than  it  is  in  othen.  Every  u^nasaed  mind  wilt  therefore  admit,  that  an 
honorable  pU««  in  id  ^iatorj  ihonld  be  assigned  to  the  philosopher  of 
Hagdebnrg. 


CHAPTER   TI. 


ttiMO—  of  «U  Thrtatan  tat  OABAaliiif  iktAr  JJMnTirli  C— ftiy  of  liirHtlom»-.JhrqBU  of  W«^ 
catei—Hta  ImniUcii  BKind  kalbr*  Ika  Clill  Wan— Sannl  mrind  ilBca  U>  JMrt  frabliM  la 
Ik*  'CfMij*  Im  (Mar  ullHm--«M  r«>Ml>f  lMdt-lH|>ikiuil(c Ckiyr— FirnUg  F«nlicuiaH— 
fijllw— INTlaf-Onbbla^  BahurtH  eUp— Ths  «aik  PnUas— Tkk  HMikdlr  »pUeil-Thi  d«TtH 


As  yet  we  have  not  met  with  any  definite  description  of  a  steam-engine 
in  actual  use.  This  can  only  be  accounted  for  from  the  fact  that  ola  in- 
ventors were  all  jealous  of  the  prindng-press.  They  believed  their  inte- 
rest required  concealment  on  their  part,  that  pirates  might  not  rob  them 
of  their  labors.  They  have  been  blamed  for  thia,  and  so  have  some  mo- 
dem mechanics,  but  we  think  without  reason ;  for,  to  obtain  satisfaction 
at  law  in  such  cases,  was  formerly  as  difficult  as  it  is  now  in  most  cases. 
To  have  to  purchase ^Tiu^ter,  as  in  a  lottery,  vnth  money,  is  bad  in  itself, 
and  worse  because  those  without  money  cannot  obtain  it ;  but  to  have  to 
^ve  more  for  it  than  it  is  worth,  if  perchance  it  be  awarded,  is  a  disgrace 
to  enlightened  nations— an  evil  that  savages  would  not  for  a  moment  en- 
dare.  It  is  thus  that  law,  though  ordained  to  promote  justice,  is  so  proc- 
btuted  as  not  only  to  defeat  the  object  for  which  it  was  designed,  bat  to 
cherish  the  srossest  injustice.  It  has  always  been  a  betr  to  the  progress  of 
the  arts.  The  difficulty  and  expense  of  obtaining  and  preserving  on  ex- 
clusive right  to  their  inventions — that  is,  to  their  own  property — have  in- 
duced inventors  more  or  less,  in  every  age,  to  conceal  their  discoveries  till 
death,  and  even  then  to  destroy  all  records  respecting  them. 

When  old  inventors  were  solicitoas  ofpubOe  patronage,  instead  of  es- 
tablishing their  claims  to  it  by  explaining  the  principles  and  operations  of 
their  machines,  they  contented  themselves  with  enumerating  their  uses 
and  good  qualiues  merely.  They  proclaimed  the  great  things  that  could 
be  done,  but  studiously  concealed  the  modes  and  means  of  doing  them : 
hence  new  inventions  were  sometimes  announced  enigmatically,  Uie  roor- 
iag  or  constituent  priociples  being  so  obscurely  fainted  at  that  few  readers 
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could  tppraliend  tbem.  Of  thu  moda  of  exdtiiigf  public  attention,  the 
account  of  the  engine  of  mobon  in  the  lut  chapter  ia  an  example  ;  and 
several  more  may  be  seen  in  the  pamphlet  published  hy  the  Marquis  of 
Worcester,  in  1663,  entitled  "  A  Century  of  the  Names  and  Scantlings 
[oudiaes  or  bints]  of  such  Inrentioiis  as  at  preBent  I  can  call  to  mind  to 
have  tiied  and  perfected ;  which,  my  former  notes  being  lost,  I  have,  at 
the  instance  of  a  powerful  friend,  endeavored,  dow  in  the  year  16SS,  to 
to  set  down  in  inui  a  way  as  may  lufEciently  instruct  me  to  put  any  of 
them  in  practice."  Thia  book  is  made  up  of  one  hundred  inventions, 
numbered  trom  one  upwafds.  It  containa  a  distinct  reference  to  a  work- 
ing steam-machine  for  raisigg  water,  and  also  hints  by  which  its  nature 
and  construction  are  pretty  clearly  ascertained.  There  is  some  reason  to 
believe  that  the  ntodem  high-preasure  engine  is  also  referred  to.  From 
the  circamstanaa  of  the  author  having  figurod  largely  in  the  civil  wars,  he 
liaving  been  an  enthusiastic  adherent  of  Charles  I.  and  of  monarchy,  his 
character  and  that  of  his  book  have  been  represented  in  the  best  and  worat 
(if  lights.  By  his  enemies  he  was  held  up  as  fiUse  and  unprincipled  in 
the  highest  degree ;  by  his  friends,  as  chivalrous  and  of  unspotted  honor. 
The  "  Century"  has  been  denounced  as  a  scheme  to  impose  on  the  cre- 
dulity of  mankind — the  dream  of  a  visionary — and  Hume,  in  his  History, 
goes  so  tar  as  to  name  it  "  a  ridicnlous  compound  of  lies,  chimeras,  and 
impossibilities."  On  the  other  hand,  it  has  been  received  by  many  (and 
generally  by  practical  men)  in  the  light  in  which  the  author  represents  it, 
viz.  as  a  memorial  of  inventions  actually  put  in  practice  by  him — such  as 
lie  had  really  "  tried  and  perfected." 

With  the  political  conduct  of  Worcester  we  have  nothing  to  do.  Ha 
uaturally  enough  supported  that  system  by  which  he  and  the  rest  of  the 
Lords  acquired  and  entailed  their  excluuve  privileges ;  among  which  the 
abominable  one  of  being  legislators  by  birth  was  perhaps  the  most  odious 
and  unnatural.  On  the  fall  of  the  king  he  retired  to  the  continent,  but,  at 
the  request  of  Charles  II,  ventured  to  visit  London  in  disguise  in  1656. 
Being  discovered,  he  was  arrested,  and  confined  in  the  Toilver  until  the 
reSstablishment  of  monarchy  in  1660.     He  died  in  1667. 

We  have  no  positive  information  respecting  the  time  when  he  com- 
menced his  mechanical  researches.  There  is  tiowever  reason  to  believe 
that  moat,  if  not  all,  the  inventions  enumerated  in  the  "Century"  were 
matured  before  the  civil  wars  broke  out,  and  consequently  that  the  account 
of  them  was  drawn  up,  as  he  declares,  in  I6S5,*  No.  56  he  observes  was 
tried  before  Charles  I,  Sir  William  Balfour,  and  the  Dukes  of  Richmond 
and  Hamilton ;  and  this  could  not  have  been  later  than  1641,  for  Balfour 
was  dismissed  that  year.  In  addressing  the  Century  to  Parliament,  he 
mentions  having  had  "  the  unparalleled  workman,  Caspar  Kaltoff,"  in  hla 
employment  "  these  five  and  thir^  years,"  and  who  was  at  that  time 
(1663)  engaged  in  bis  service.  This  carries  back  his  experiments  to  1628. 
Some  of  his  "water-works"  were  in  operation  in  his  father's  caslle  (at 
Ragland,  in  Wales)  at  the  commencement  of  the  Long  Parliament,  (1640) 
for  by  their  sudden  movements  he  is  said  to  have  frightened  certain  adhe- 
rents of  the  Parliament,  who  went  to  search  the  castle  for  arms.  The  na< 
tare  of  these  works  is  not  indicated,  except  that  they  consisted  of  "  several 
engines  and  wheels,"  and  that  large  quantities  of  water  were  contained  in 
reservoirs  m  the  U>p  of  a  high  touer.     Whether  steam  was  the  agent  era- 

Sloyed  to  raise  this  water  ia  unknown,  It  could  not  have  been  if  the  tra- 
ition,  credited  by  some  writers,  was  true,  viz.  that  his  attention  was  first 
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drawn  to  the  einployraeiit  of  steam  by  observiiie,  vhilt  a  pritontr  in  At 
Toiler,  s  pot'lld  raised  or  thrown  off  by  it.  If  thiB  was  tho  cue,  then  no 
dependence  can  be  placed  on  Worcester's  assertion,  that  the  whole  Cen- 
tury was  wiittea  in  lG5fi ;  but  there  is  no  reason  to  cjuestion  his  veraci^ 
in  thia  respect.  On  the  contrary,  the  tradition  is  obviously  a  fable ;  one 
that  has  been  apptied  to  othera  as  well  aa  to  him. 

Although  many  of  the  devices  in  the  Century  appear  at  iirBt  sight  ex* 
tremely  absurd,  and  othera  impossible,  yet  every  year  is  producing  a  solti- 
tion  of  one  or  more  of  them.  One  hall;  at  least,  of  the  number  have  been 
realised;  among  which  are  letegnphs,  floating  baths,  abort-hand,  combi- 
nation locks,  keys,  escutcheons  and  seais,  rasping  mills,  candle-moulds,  , 
engines  for  deepening  harbors  and  docks,  contrivances  for  releasing  unruly 
horses  from  carriages,  torpedoes,  diving  apparatus,  floating  gardens,  bucket 
engines,  (see  page  64  of  this  volume)  umveraal  lever,  repeating  guna  and 
pistols,  double  water  sorewa  (p.  140  of  this  vol.}  abacus,  portable  bridge*, 
floating  batteries  Sec.  besides  his  applications  of  steam,  which  will  be  no- 
ticed more  at  large  farther  on. 

It  must  not  be  supposed  that  Woroester  wu  the  firat  projector  of  every 
problem  in  the  Century,  although  his  solubous  may  have  been  peculiar  to 
himself.  The  greater  part  may  be  found  in  the  works  of  Porta,  Fludd, 
Wilkins,  and  others  of  his  predecesaors  and  contemporaries ;  so  that  the 
charges  of  absurdity  brought  against  many  of  them  are  not  attributable  to 
him  alone.  Indeed,  the  Century  is  in  a  great  measure  free  from  thoae 
puerile  conceits  that  abonrul  in  old  authors.'  No.  3  he  names  "  a  one-line 
cypher,"  that  ia,  a  character  composed  of  a  single  linr,  which  by  its  poai- 
tiDD  waa  made  to  represent  each  and  every  letter  of  the  alphabet.  (Now 
uaed  in  short-hand.)  No.  4  is  an  improvement,  and  consists  in  substituting 
point*  or  doU  in  place  of  lines.  No.  5,  "  a  way  by  circular  motion,  either 
silong  a  rule  or  nngwise,  to  vary  any  alphabet,  even  this  of  points,"  fcc. 
Now  these  three  systems  were  espUined  and  illustrated  by  diagram*  in 
detail,  twenty-two  years  before  tvb  publication  of  Worcester's  book,  by 
Bishop  Wilkins,  in  his  "  Mercury,  or  secret  and  swift  Messenger,"  a  tract 
printed  in  1641.  The  eleventh  chapter  treats  "  of  writing  by  invented 
characters  " — "  how  to  expreaa  any  aense  either  by  Unet,  poatU  ot^figura," 
The  last  was  by  arranging  the  points  or  dota  in  the  forms  of  circles, 
squares,  triangles,  &;c.  Wilkins  apeaks  of  the  whole  aa  an  old  device. 
Another  proUem  in  the  Century  la  "  a  unirecsal  character."  Thia  had 
been  ohea  attempted,  and  Wilkina  wrote  also  upon  it   Another, "  a  water- 

lection  of  mechanical  devices,  and  which  doubtleaa  Worcester  had  often 
visited.  (See  page  285,  and  note  foot  of  page  63.)  The  universal  lover. 
No.  26  of  the  Century,  he  admits  having  seen  at  Venice,  and  the  bucket 
engine  (No.  SI)  at  Rome.  It  ia  probable  he  derived  hia  "  impriaoning 
chiur"  from  the  same  place ;  for  there  waa  in  hia  time,  as  well  aa  aince,  k 

>  Thera  is  a  ainiular  one  in  book  liv  of  Porta'*  Magic,  "  Of  a  bird  wbieh  roaitt  it- 
*«tr;"  wbidi,  bad  Worceilu  iiiflDtion«d,  ftw  would  have  craditad  wilbont  ths  siidaiM- 
tion.  "TKhe  a  wren  aitd  ipit  it  onahazel  ttick,  and  lay  it  down  before  the  fire,  the  two 
endi  or  tfae  hnzel  ipil  being  aapported  bv  aoroething  tbal  is  finn  ;  and  ranll  aee  with 
admiration  the  Kpii  and  che  bird  turn  bylitlla  and  little,  without  discontiDainK,  till  *!■ 
guile  roaaled."  This,  ■ajra  Ozuinm.  wu  Gnl  Tound  out  bj  Cardinal  Palott,  at  Eom*. 
llie  motion  mij  be  acoounted  for  oo  a  timitar  principle  aa  the  rotatioD  of  glaw  tuba* 
when  aapported  at  each  end  before  a  fire,  and  even  when  inclined  againaE  the  fire-place 
with  one  end  on  (be  bearth,  tiz. :  the  heal,  being  applied  to  one  aide  onlj,  eanaaa  di* 
Ubea  tokurf.  and  cooaaqaentlj  to  preponderate  and  thiuMniniaDd.  See  FliimaB*. 
vol.  ixx — Abridj.  vol.  I  651. 
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^xaaat  machine  of  th«  kind  exhibited  in  the  Borshese  Tilh,  vhich  conld 
not  have  escaped  bia  notice.  It  is  described  by  BlunTiile  as  "  very  art- 
fully contriTed ;  and  strangerB,  who  are  not  acquainted  with  the  tridi,  are 
infallibly  caught  aa  in  a  trap  when  they  are  prevailed  upon  to  sit  in  it." 
Travels,  vol.  li,  p.  35,  We  shall  notice  a  few  more:  "A  little  engine 
portable  in  one's  pocket,  which  placed  to  any  door,  without  any  noise  bat 
one  crack,  openeth  any  door  or  gate."  A  similar  device  is  quoted  by 
Wilkins  from  Ratnelli,  thus ;  "  A  tittle  pocket  engine  wbet«with  a  man 
may  break  or  wrench  open  any  door."  (Math.  M^c,  book  i,  chap.  13, 
first  published  in  1648.)  Again — "  An  instrument  whereby  an  ignorant 
,  person  may  take  any  thing  in  perspective  as  justly  and  more  than  the  skil- 
fullest  painter  can  do  by  the  eye."  Probably  the  camera  obscura,  which 
Baptist  Porta  bad  described,  about  a  century  before,  in  hid  Natural  Magic. 
See  page  364  of  the  Kngtish  translation  of  1653,  and  also  Fludd's  JVaCwra/ 
iStnuojni  Ttckmca,  1618,  page  308,  for  another  mode.  No.  S9  of  the 
Century  relates  to  "A  moveable  fortification — as  complete  a>  a  regular  one, 
with  half-mooiu  and  counterscarps."  Such  a  one  is  figured  in  Ftudd's 
Simia.  It  is  of  a  triangular  form,  with  breast  works  and  cannon  ranged 
along  two  sides.  The  whole  is  made  of  thick  timber  clamped  together, 
and  moved  by  hones,  which  are  yoked  to  a  long  pole  or  mast,  also  sup- 
ported on  Wheels  and  attached  to  the  rear  or  base  of  the  triangle,  so  aa 
to  be  out  of  the  reach  of  shot  from  the  enemy.  The  horses  have  their 
(aces  to  the  fortification,  just  as  if  yoked  to  the  pole  of  a  common  carriage 
and  fronting  il>-or,  according  to  the  old  saying,  "  the  cart  is  put  before 
the  horse." 

Hi*  modes  of  disconrsing  by  knotted  strings,  gloves,  sieves,  lanterns, 
ftc.  are  aimilar  to  others  mentioned  in  the  Natural  Magic  of  Porta,  and  in 
other  works.  Wilkim's  Secret  and  Swift  Messenger  also  contains  miich 
curious  information  on  such  subjects.  Several  numbers  of  the  Century 
relate  to  repeaiinff  guns.  These,  as  is  well  known,  exercised  the  wits  of 
inventors  long  before  his  time.  Porta,^n  his  Magic,  hook  xii,  speaks  of 
"  ^reat  and  hand  guns,  discharged  ten  times"  altnough  loaded  out  once. 
They  are  even  of  much  older  date.  Sometimesseveral  barrets  were  joined 
hwether.  The  "Arithmetical  instrument,  whereby  persons  ignorant  of 
arithmetic  may  perfectly  observe  numerations  and  subtractions  of  all  sums 
and  fracdons,"  was  in  all  probability  the  abacus,  or  Chinese  *v>an-patt,  now 
used  in  schools. 


Flying  and  diving,  also  mentioned  by  him,  have  occupied  the  ingenuity 
>f  inventors  in  every  age.  Cornelius  Drebble  constructed  a  diving-vessel 
which  was  propelled  by  oars  worked  through  openings  in  the  sides.   Short 


conical  tubes  of  leather,  through  which  the  oars  were  passed,  ' 
nected  to  the  openings  so  as  to  exclude  the  water ;  hence  the  joints  some- 
what resembleJ  those  of  the  feet  of  a  tortoise  when  protruded  from  the 
shell.  The  vessel  was  lowered  by  admitting  water,  and  raised  by  pump- 
ing it  out.  (The  distance  of  diving- vessels  below  the  surface  is  easily  and 
accurately  ascertained  by  a  curved  tube  containing  a  little  mercury,  one 
end  being  within  the  vessel  and  the  other  withouL)  Charles,  Landgrave 
of  Hesse  Cassel,  hearing  of  Drebble's  diving-ship,  requested  Pap:n  to 
contrive  one.  Papin's  machine  is  figured  and  described  in  the  Gentleman's 
Magaaine  for  1747,  page  581.  Drelible's  vessel  did  not  require  a  constant 
supply  of  fresh  air,  for  he  had,  or  pretended  to  have,  an  elixir  in  a  small 
vial,  a  Few  drops  of  which  restored  the  vitiated  air  so  as  to  make  it  again 
fit  for  respiration.  Something  of  this  kind  was  known  even  before  Dreb- 
ble's  time,  if  we  may  judge  Irom  one  of  several  iltustrations  of  diving  in 
the  old  German  trwulation  of  Vegetias,  A,  D,  1511,     A  man  clothed  in 
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■  dresfl  of  thin  stun  or  oiled  rilk  fitted  close  to  his  body,  and  coTering  evenr 
part  except  his  heed  and  hands,  u  represented  walking'  on  the  bottom  of 
a  river.  In  hii  left  band  he  holda  a  leathern  fUsk,  through  the  contracted 
neck  of  which  he  ia  drawing  a  portion  of  the  contenta  with  bis  mouth. 
Wilkins  devoted  a  chapter  of  nil  Maik.  Magie  to  diving.  He  notices 
Drebble's  machine,  and  many  other  curioas  devices ;  so  that  on  this  sub- 
ject Worcester  had  an  abundance  of  materials  and  hints  to  work  upon. 

No.  50  of  the  Century  relates  to  portable  ladders.  A  variety  of  these 
are  figured  in  the  old  translation  of  Vegetius  just  referred  to.  There  are 
several  other  things  named  in  the  Century  which  might  be  traced  to  older 
sources,  but  it  is  not  necessary  j  for  Worcester  has  not,  that  we  are  aware 
of,  ever  claimed  all  the  devic^  he  has  named.  He  mentions  two  whose 
authors  he  recollected,  but  as  the  account  was  drawn  up  from  memory,  he 
could  hardly  recall  to  mind  the  sources  whence  all  were  derived.  He 
says  they  were  such  aa  he  could  call  to  mind  to  have  tried  rmA  iptrfteUd  : 
he  dors  not  sav  invented.  While  many  originated  with  himself,  others 
were  such  as  he  improved  only.  That  he  had  sources  uf  infoniMtion 
which  have  not  been  discovered,  there  can  be  little  doubt.  Of  the  thou- 
sands of  old  treatises  on  the  "  Mysteries  of  Nature  and  Art,"  a  staple  sub- 
ject, and  title  too,  from  Roeer  Bacon  to  Moxon,  how  few  are  extant  I 
But  some  will  perhaps  vet  be  met  with  on  the  shelves  of  antiquaries  and 
the  lovers  of  old  books  in  Kurope. 

Those  numbers  of  the  Century  which  relate  to  steam  are  68, 98,  99  and 
100 ;  hai  it  is  in  68  only  that  steam  is  clearly  indicated.  The  device  is 
named  "  a  fire  water  work,"  and  is  described  in  the  foUowine  manner  ; 
"An  admirable  and  most  forcible  way  to  drive  up  water  by  fire,  not  Inr 
drawing  or  sucking  it  upwards,  for  tlwt  must  be,  as  the  philosopher  calleu 
it,  b^ra  tpkaran  aetivitalia,  which  is  but  at  such  a  distance.  But  this 
way  hath  no  bounder,  if  the  vessels  be  strong  enough ;  for  I  have  taken  a 
piece  of  a  whole  cannon,  whereof  the  end  was  burst,  and  filled  it  three 
quarters  full  of  water,  stopping  and  screwing  up  the  l»vken  and,  as  alto 
the  touch-hole ;  and  making  a  oonstant  fire  under  it,  wttbin  twenty-fear 
hours  it  burst,  and  made  a  great  crack  :— So  that  having  a  way  to  make 
my  vessels,  so  that  they  are  strengthened  by  the  force  within  them,  and 
the  one  to  fill  after  the  other,  I  have  seen  the  water  run  like  a  constant 
fountain  stream  for^  feet  high.  One  vessel  of  water  rarefied  by  fire 
drivetfa  up  forty  of  cold  water  ;  and  a  man  that  tends  the  worit  is  out  to 
turn  two  cocks,  that,  one  vessel  of  water  being  consumed,  another  begins 
to  force  and  refill  with  cold  water,  and  so  soccessivety,  the  fire  bong 
tended  and  kept  constant,  which  the  self  same  person  may  likewise  abun- 
dantly  perfarm  in  the  interim,  between  the  necessi^  of  taming  the  said 

We  here  see  clearly  what  was  meant  by  Ramseye  and  othen  when 
they  spoke  of  raising  water  by  fire,  vis.  that  it  was  by  steam,  which  ^ 
fire  was  employed  to  pvoduce.  Tt  will  be  perceived  that  Woicester  does 
not  here  claim  to  be  the  first  to  raise  water  in  large  quaodtiBS  in  this  man- 
ner, thus  ta<utly  admitting  that  he  was  aware  of  previoaa  applicMiosiJi  of 
steam  for  the  purpose.  Had  he  indeed  made  sucn  a  claim,  little  reliance 
could  have  been  placed  on  his  statemeids ;  but,  notwithstanding  all  that 
has  been  said  to  the  central^,  we  have  seen  nothing  in  the  whole  tenor  of 
his  conduct  with  regard  to  hit  inventions  to  shake  our  confidence  in  his 
sincerity.  In  one  respect  No.  68  differs  from  the  rest,  viz.  in  the  detail 
with  which  the  device  is  described  ;  but  this  was  most  likely  derignedly 
done,  in  order  to  show  its  snperiorinr  over  other  "  fire  water-'woriis,"  and 
to  pmnt  out  where  it  differea  from  them.     Had  it  been  an  original  idea. 
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there  could  have  been  no  more  indLicenaeat  to  be  tliui  explioit  diftn  with 
the  rest;  but  beine  of  the  aame  nature  on  others,  ha  would  naturally  be 
led  to  notice  the  diHerence.  Some  writers  are  incredulous  of  hia  having 
erer  put  it  in  practice,  notwithstanding  his  aMertions,  and  the  partlcutara 
he  has  specitied ;  and  they  further  contend  that  hia  description  was  not 
rofficiently  perspicuous  to  enable  a  person  to  make  such  a  machine  in  his 
own  time,  and  is  not  now.  To  neitner  of  these  positions  con  we  assent ; 
and  the  latter,  if  true,  does  not  afiect  the  character  of  Worcester,  either 
ibr  veracity  or  ingenuitVi  since  the  avowed  design  of  the  Century  was 
tKther  to  enable  himself  than  others  to  realise  the  inveabons  named. 

The  description  appears  not  only  that  of  a  machine  in  actual  use,  and 
from  which  a  similar  one  might  have  been  made,  but,  as  just  intimated, 
some  particulars  are  mentioned  apparently  with  the  sole  view  of  distin- 
guishing it  from  other  devices  of  the  same  kind.     Had  he  given  a  figure 


we  should  have  learnt  more  of  the  details,  but  not  of  the  general  plan. 
The  nature  of  the  force  employed  (the  expansive  power  of  steam)  he 
shows  in  the  clearest  light ;  and  its  irresistible  energy  is  admirably  illus- 


trated by  bursting  the  cannon ;  indeed,  he  could  not  possibly  have  se- 
lected any  thing  better  adapted  for  the  purpose.  Few  writers  however 
beheve  the  experiment  was  ever  made,  from  the  seeming  difficulty  of 
closing  the  broken  end — a  circumstance  which,  perhaps  more  thsji  any 
other,  has  led  people  to  doubt  the  accuracy  of  other  of  his  statements :  ana 
it  must  be  admitted  that  if  he  is  not  to  be  believed  in  this,  his  assertions  in 
general  must  be  received  with  great  caution.  But  what  great  difficulty 
after  all  was  there  in  driving  a  plug  tight  into  the  smoothly  bored  although 
broken  end  of  a  cannon,  sjid  securing  the  plug  effectually  in  its  place,  by 
iron  straps  and  screws  round  the  trunnions  1  Lest  the  idea  of  danger 
should  be  connected  with  his  apparatus  in  the  public  mind,  he  remarks 
diat  he  had  a  way  of  preventing  his  vessels  from  being  exploded.  He 
mentions  at  least  three  vessels ;  one,  a  boiler  in  which  to  generate  steam, 
the  others,  to  receive  the  water  previously  to  its  being  raised.  A  separate 
boiler  shows  that  the  apparatus  was  a  moditicalion  of  Porta's  and  Kircher's, 
(Nos.  1S7, 190) — and  iBst  any  one  should  suppose  that  the  water  was  re- 
<}uired  to  be  heated  before  it  was  elevated,  he  states  disUnctly  that  it  was 
not :  hence  his  device  bore  no  resemblance  to  that  of  Decaus,  (No.  188) — 
so  &r  from  it  that  the  boiler,  or  "  one  Teuel  rarefied  by  fire,"  forced  up 
fii^  times  its  contents  "  oteoid  water."  It  appears  that  the  water  was 
raised  forty  feet  only  ;  perhaps  being  limited  to  that  height  by  local  cir- 
cnrastancea,  or  by  the  building  in  which  the  apparatus  was  erected.  The 
pressure  of  steam  in  his  boiler  did  not  therefore  much  exceed  30lbs.  on 
theineb.  As  the  elevation  exceeded  that  to  which  the  liquid  could  be 
raised  by  atmospheric  pressure,  he  also  takes  occasion  to  notice  distincdy 
that  it  was  not  dofie  b^  sucking;  and  in  this  he  possibly  may  aUude  to 
some  such  modes  of  raising  water,  viz.  by  using  the  steam  only  to  produce 
a  vacudm,  and  to  show  the  difference  ;  for,  by  employing  its  elastic  force, 
hs  could  raise  water  at  one  lifi  to  any  height,  ana  his  apparatus,  instead 
of  a  limited  application,  was  adapted  to  mines  and  pits  of  every  depth, 
and  hence  he  appropriately  names  it  "  a  moHjoreiMe  way."  The  receiving 
vessels  were  charged  or  filled  "  one  after  anddier,"  and  the  stream  dis- 
charged from  them  was  uninterrupted.  One  person  only  was  required  to 
attend  to  the  fire  under  the  boiler  and  "  to  turn  two  cocks,"  i.  e.  to  admit 
steam  alternately  into  each  receiver,  so  that  when  one  was  "  consumed  " 
or  emptied,  the  contents  of  the  other  began  to  "  force  "  or  be  forced  up, 
and  die  empty  one  to  "  fill "  or  be  refilled  with  cold  water,  "  and  so  sue* 
cauively."     The  vessels  were  large,  or  it  took  a  h>Dg  time  to  fill  thera. 
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■mce  the  mtnliad  abiiBdant  tune  to  attend  the  fire  in  dMiDlerralaoTtant- 
ing  tite  cocks. 

Notwitbstuiding  iba  comprabennTB  iketch  that  Worcaster  has  given 
of  this  m&ehine,  a  variety  ol  opinion*  pravaiU  respecting  some  of  it*  parte, 
and  the  arrangement  of  the  whole.  In  these  respects  scarcely  two  writers 
I,  while  some  differ  widely.  Some  have  supposed  it  to  have  consisted 
o  eolipilea,  like  those  of  Heron  or  Decaus,  (Nos.  179  end  188)  coo- 
nected  to  one  ascending  pipe,  (see  Galloway  on  the  Steain-£ngine] — an 
idea,  we  think,  entirety  out  of  the  way,  since  such  a.  plan  would  posMsi 
neither  "  merit "  nor  "  originality,"  which  the  writer  just  named  accord* 
to  Worcester's  device.  It  is  moreover  opposed  te  the  description  given, 
which  expressly  states  that  the  contents  of  one  vessel  rarefied  by  tin, 
driveth  ap  forty  of  cM  water ;  whereas,  by  the  supposed  constructioD, 
all  the  water  must  have  been  heated  to  the  boiling  point  before  it  could 
have  been  elevated  at  all,  and  to  a  temperature  stiU  higher  before  it  WM 
raised  for^  feet. 

The  principal  point  undetermined  is  the  mode  by  which  the  receivet* 
were  charged.  Were  iheyjso  placed  that  the  water  flawed  into  theok 
through  a  pipe  and  cockl  Or,  were  they  wholly  immersed  in  the  tank,, 
well  or  pood,  and  furnished  with  valves  opening  inwards  for  the  admis- 
sion of  the  liquid,  and  to  prevent  its  return  when  the  steam  was  turned* 
on  t  Or,  were  they  placed  abt/ve  the  water,  and  charged  by  atmospherio- 
prassure  }  The  fint  and  second  modes  have  been  suggested,  because- 
Worcester  says  he  did  not  raise  the  liquid  by  "  sucking ;"  but  it  does  not', 
appear  that  he  meant  any  thing  more  than  that  the  contents  of  the  receiver*, 
were  not  expelled  from  them  in  this  way.  As  the  elevation  to  whiclk 
water  could  oe  raised  at  one  lift  by  his  machine  was  only  limited  by  the- 
strength  of  the  vessels,  he  very  naturaUy  observed,  to  remove  an  objectioni 
which  he  foresaw  might  be  made  to  his  assertion,  that  this  was  not  effected- 
by  sucking,  hut  by  forcing  the  liquid  np.  His  plan  bears  the  same  relation' 
to  a  forcing  pump,  as  using  steam  to  produce  a  vacuum  in  a  receiver  does, 
to  a  sucking  one  j  and  in  distinguiahing  between  the  two  applications  of 
the  vapor  to  raise  water,  viz.  by  its  condensation  and  its  expansion,  be- 
use*  the  same  terms  that  we  do  to  show  the  difierence  between  the  two 
incttniments  just  named.  Of  a  forcing  pump  we  say,  it  does  not  raiso- 
wster  by  atmospheric  pressure,  but  in  opposition  to  it ;  and  that  the  ele-- 
vation  is  only  limited  by  the  stren^  of  the  materials  and  the  power  em- 
ployed :  now  every  person  acquainted  with  the  subject  knows,  that  it  ia. 
the  expulsion  of  the  water  from  the  cylinder  that  is  referred  to,  not  the- 
mode  of  filling  it ;  for  almost  invariably  are  the  vessels  or  cylinders  of 
forcing  pumps  charged  by  sucking,  and  so  they  were  in  Worcester's  dme^ 

If  the  receivers  were  placed  l^low  the  reservoir  that  supplied  them,, 
and  were  fed  from  it  by  a  pipe,  then  as  there  were  but  two  cocks  used,, 
they  must  have  been  sudi  as  are  known  by  the  term  "  three- way, "—onft- 
passage  to  supply  steam  to  each  of  the  receivers,  and  the  other  water.. 
There  is  no  oimcul^  in  admitting  this,  for  both  three  and  fonr  way  cocks> 
were  in  use  ages  before  Worcester's  days.  They  are  described  in  the 
Spiritalia,  (problem  31)  in  Besson's  Theatre,  Fludd's  Simla,  (see  our  160th. 
illustration,  page  3S^)  OEanam's  Recreations,  and  in  several  other  old  en- 
thors.  One  form  of  them  is  seen  at  page  421.  Tavemier  found,  in  baths 
of  the  east,  cocks  which  at  the  same  mouth  supplied  "  either  hot  water  or 
cold,"  (Relation  of  the  Seraglio)  and  they  are  described  and  figured  in  the- 
Forcible  Movements  of  Decaus  :  thus  prop,  xix  of  Leak's  translation  i» 
"  Of  the  cock  with  four  vents,"  and  its  appbcation  is  shown  in  a  self-acting 
"  Phneumatique  Engine."  M.  Arago  is  therefore  greatly  mistaken,  m  hi* 
S6 
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Hittory  of  th«  Stoam-En^ne,  in  attribnUng  ifae  invention  of  iHe  har-way 
cock  to  Papin.  In  kis  seal  to  confer  bonor  on  the  philosopher  of  Blois, 
he  inailvertentlr  overlooked  the  old  engineer  of  Nonnandjr. 


This  plan  of  inpplying  Worcecter'a  receivara  ia  certainly  far  more 
probable  diau  that  of  burying  them  in  the  water  they  were  to  raise.  In> 
deed,  we  cannot  perceive  how  the  latter  could  ojuwer  at  all,  i 


would  be  condenied  by  the  surraanding  medinm  almoct  a*  fast  as  it  en* 
tared  the  receivers ;  so  that  instead  of  "  one  vessel  of  water,  rarefied  by 
fire  "  driving  up  forty  of  oold  water,  it  would  hardly  be  able  to  drive  op 
any.  It  appears  to  us  impoasibla  for  ingenuity  to  suggest  a  worse  plan, 
and  yet  several  writers  hare  adopted  it."  Aa  a  proof  that  Worcester  had 
an  engine  at  work  somewhat  similar  to  the  one  referred  to  in  his  6Sdi 
proposition,  the  following  extract  from  the  Joamal  of  Cosmo  de  Medicis, 
who  visited  England  in  the  17th  century,  has  been  adduced  ;  "  His  high- 
ness, that  he  might  not  lose  the  day  uselessly,  went  anin,  after  dinner,  to 
the  other  side  of  the  city,  extending  his  excursion  as  far  as  VauxhaJl,  be- 
yond the  palace  of  the  Archbishop  of  Canterbury,  to  see  an  hydraulic 
machine  mvented  by  my  Lord  Somerset,  Marquis  of  Worcester.  It  raises 
wroter  more  than  forty  geometrical  feet,  by  the  power  of  one  man  only ; 
«iid  in  a  very  short  space  of  time  will  draw  up>  four  vesseb  of  water 
through  a  tuoe  or  channel  not  more  than  a  span  in  width ;  on  which  acr 
«ount  it  ia  considered  to  be  of  greater  service  to  the  public  than  the  other 
machine  near  Somerset-House."  Now  if  this  engine  for  raising  water 
irom  the  Thames,  aad  which  was  managed  by  one  man,  was  moved  by 
-•team — and  it  probably  was— we  may  rest  assured  that  Worcester  knew 
better  bow  to  charge  his  receivers  than  by  immersing  them  in  the  river, 
■«r  in  any  tank  supplied  from  it  Had  he  done  so,  the  machine  would 
aiever  Imvo  been  "considered  of  greater  lervtee  to  tite ptMie"  than  ih« 
•engine  at  Somerset-House,  which  was  worked  by  horses,  and  dtstribntad 
"Water  over  "  a  graat  part  of  the  ci^."  (This  lost  engine  most  likely  con- 
•sisted  of  pumps,  such  as  were  erected  by  Bulmer  in  1594.  See  page  296.) 
AmJout  vessels  ac«  here  mentioned,  there  w««  probably  that  number  of 
rreceivera  employed. 

It  would  be  strange  if  Woreester'a  receiving  vessels  were  not  charged 
tby  atmospheric  pressure,  considering  the  examples  be  had  before  him. 
To  say  nothing  of  this  well  known  mode  of  charging  eolipiles,  and  other 
'Vessels  represented  in  the  Spiritalia,  (see  173  and  177  of  our  illuatraboDs) 
both  Porta  and  Fludd  exhibited  experiments  expressly  to  show  how  water 
-is  raised  into  a  vacuum  formed  by  the  condensation  of  vapor,  (^ge  407) 
'-and  Decaua  givessuchstrikingapplicationsof  it  (pageSSO)  that  Worcester 
never  could,  with  a  knowledge  of  these,  have  plunged  his  recetvera  under 
'''M^ter.  But  was  he  acquainted  with  the  writings  of  these  men  1  Unques* 
tlonably  he  was.  There  is  evidence  in  the  Century  that  be  examined 
«very  source  of  information,  both  at  home  and  abroad,  and  wilh  an  eager- 
ness that  has  perhaps  seldom  been  equalled ;  and  then  no  person  had  greater 
■fRcilities  for  ascertaining  what  had  been  accomplished.  He  was  not  a  mao 
to  set  about  devising  new  modes  of  raising  water  while  ignorant  of  old 
ones,  or  without  perusing  those  writings  which  treated  directly  or  indi- 
rectly npon  the  snbjecL     Of  all  his  researches,  this  of  raising  water  was 

•  8«e  Hillington's  Epitoma  of  Phitoaopbj,  >nd  Slasrl'i  Descriptive  Histoiy  of  tha 
Steam-Enf  ins.  The  Wat  DBongd  wrilar  ipeaki  however  vsry  diRerentlj  in  hi*  valaBbla 
•■  Aneodole*  of  the  Bteun-Engine."  Farther  rsflseiion  eaaiiaoad  him  ttiat  Woi«eatN 
wsi  HunethiDg  mere  than  a  chsrlatan,  and  the  madiiBe  in  qntalion  itrj  anlike  the  one 
ireprssented  in  bii  previous  WDrk 
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■nuHig  die  eariteat  and  moM  ferorite,  %.a  it  wu  the  lut  uid  mott  importBut ; 
and  it  w««  impoMible  for  him  and  KaltofT  to  h&ve  spent  bo  many  years  aa 
they  did  on  this  and  other  eubjecta,  without  improving  old  devices  and 
btrodncinr  t>e*^  ones.  Then  he  was  moat  likely  ac<}i]ainted  with  the  ma< 
chine*  of  Bacoti,  and  with  tfaoae  of  Ramaeya,  and  with  Ranueye  himMl^ 
and  Bushell  too ;  and  also  with  the  engine  of  motion  noticed  in  the  laK 
chapter,  of  which  he  waa  possibly  both  the  inventor  and  describer.  So 
&r  therefore  from  Worcester's  machine  bein^  imperfect,'aa  some  writer* 
have  anpposed,  we  are  justified  in  believing  it  was  ncjMrror  in  its  general 
plan,  and  in  the  arrangement  and  execudon  of  ita  seveml  parts,  to  any 
Aimg  that  admU,  or  previously  proposed. 

It  would  be  easy  to  devise  tLmacfaine  corresponding  with  these  remarks 
and  coinciding  with  the  Marqnia's  account ;  but  the  intelligent  reader  is 
aware  that  it  would  be  substmitially  the  same  as  Saveiy's.  it  ia  surprising 
that  some  authors  have  supposed  Worcester  could  not  have  filled  his  ves- 
sels by  atmospheric  pressure,  because,  say  they,  the  production  of  a  vacumn 
by  the  condensation  of  steam  was  not  then  known,  "  nor  even  thought 
rf."  Bat  inch  writers  were  not  aware  of  the  experiments  of  Porta,  ami 
Aey  forgot  the  employment  of  eolipiles.  It  has  also  been  said  that  a  ma- 
ohine  as  perfect  as  S&very's,  and  one  in  which  steam  acted  on  a  piston, 
was  beyond  (he  state  of  the  arts  in  Worcester's  days.  The  Century  of 
Inventions  ia  a  proof  to  the  coUttary,  and  so  is  the  Collection  of  Serviere. 
£very  problem  in  the  one,  and  every  device  in  the  other,  indicates  great 
excellence  of  design  and  ability  of  execution ;  and  both  are  replete  with 
proofa  of  mechanical  skill  as  well  as  fertility  of  invention. 

To  realiie  Worcester's  machine,  it  is  contended  that  we  must  depend 
upon  what  be  has  said,  and  on  ttoAUf^  more.  But  those  who  prescribe 
diis  rule  do  not  themselves  adhere  to  it ;  and  by  following  it,  posterity 
could  bardly  comprehend  a  modern  device  from  its  modem  descripiion. 
As  Worcester  hu  not  mentioned  pipes  or  valves,  neither  of  these  e8»ential 
elements  of  his  apparatus  could,  by  snob  a  rule,  be  admitted  :  and  if  bia 
words  are  to  be  construed  litenlly,  he  employed  two  score  of  receivers ; 
and  these  were  aloo  elevated  aa  well  aa  the  water  within  them  ;  "one 
vessel  of  water  rarefied  by  fire  driveth  up  forty  [vessels]  of  cold  water," 
By  the  same  rule  it  was  the  boiler,  not  the  steam  within  it,  (he  never  men^ 
dons  aleam)  that  drove  them  up.  Then  there  is  the  cimdmtatioit  of  the 
■team  in  a  receiver,  after  expelling  the  Kquid,  which  is  also  not  mentioned ; 
and  of  course  the  vessel  could  not  again  be  filled  until  this  had  taken  place. 
On  the  same  ground,  a  cock,  tunnel  and  pipe  or  pump  to  fi^  the  boiler, 
and  a  fnrliace  door  and  grate  bare,  mig^t  M  considered  gtatuitoos  addi- 
tiona,  siace  none  of  them  sire  mentioned. 

Perhaps  the  most  obscure  part  of  the  68th  problem,  is  that  which  relates 
fo  etrengtbeninK  the  vessels  "  by  the  force  vjithin  them."  Some  persons 
auppose  llus  refers  to  the  figure  of  the  veatels — others,  to  interior  braces. 
The  latter  ia  the  moat  reasonable,  but  aeems  hardly  reconcilable  with  the 
the  text,  since  the  same  term  (./We)  is  used  as  that  by  which  the  aelivt 
power  which  rent  the  gun  is  designated. 

Notwithstanding  the  ambiguous  manner  in  which  Worcester  drew  up 
his  Century  of  Inventkint,  there  are  strong  indications  of  his  having  im- 
parted motion  to  a  piston  by  steam,  and  that  upon  this  he  depended  for 
tMing  known  to  posterity.  This  was  the  crown  of  his  glory  as  an  inventor 
— the  primary  element  in  the  "  semi-omnipotent  engine,"  which  supported 
him  under  the  connimely  and  neglect  that  he  met  with.  Unfortunately 
for  his  fame,  the  state  of  the  arts  was  not  sufficiently  advanced  to  convince 
his  contemporariea  (tf  the  importance  of  "  the  great  machine,"  and  it  waa 
fi3 
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leil  for  a  {lUare  »ge  to  adopt.  It  does  not  appear  equally  clear  that  ba 
was  the  first  thus  to  uae  Ueam.  From  the  deacription  of  Ok  engine  of 
motion  mentioned  at  page  423,  and  the  third  and  fifth  devices  in  Kaniseje'e 
patent,  it  would  seem  that  a  working  cjrlinder  had  been  in  previous  use ; 
nor  do  we  see  bow  the  experimenteri  of  the  17th  and  previous  centuries, 
when  seeking  for  modes  of  empluyinffsteam  as  a  moiive  agent,  could  miss  it 
any  more  than  their  succeatort.  It  u  one  of  those  devices  that  would  be 
detected  by  such  men  in  every  age,  just  a*  it  has  been  by  the  makers  of 
pumps  ajtd  piston  bellows.  Fludd,  Hoell,  Belidor  and  Westgarth,  all 
employed  a  piaton  and  cylinder  in  pressure  ensines ;  and  some  of  them 
were  not  aware  of  their  having  been  employed  before  in  such  machines. 
Querricke,  Papin  and  Newcomen  at  once  adopted  them  in  atmospheric  en- 

fiiKa.Hautefeuille in  explosive  engines, and  Watt  and  other*  in  those  moTod 
y  steam ;  and  why  not  Garay,  Ramaeye  and  Worcester  I  And  even  the 
troublesome  neighbor  of  Zeno  also  1  It  required  no  gfeat  sagacity  id 
Worcester  to  apply  steam  to  move  the  loaded  inston  inFludd's  lU'eMure 
engine,  (page  354)  and  so  ainiple  an  idea  could  hardly  escape  him  after 
he  had  turned  his  atteuttoD  to  impart  motion  by  steam.  Indeed,  he  nies 
an  expression  which  implies  that  it  was  a  loaded  piaton  to  which  he  gave 
motion.  But  even  if  this  idea  escaped  both  Ramseye  and  Worcester,  the 
apparatus  of  G-uerricke  so  clearly  exhibited  the  mode  of  a^^lying  steaiD 
to  move  a  piaton,  that  the  latter  could  not  possibly  have  remained  an<f 
longer  ignorant  of  it. 

When  the  three  following  propositione  in  the  Centuiy  are  duly  consider- 
ed, every  candid  ntind  will,  we  think,  admit  that  he  was  really  in  possession 
of  an  engine  similar  to  Leopold's,  or  to  NewctHnen's,  or  to  the  single- 
acting  one  of  WaU : — 

"  98.  An  engine,  so  contrived,  that  working  the  frimtuit  mebilt  forward 
or  backward,  upward  or  downward,  circularly  or  (»Dmerwise,  to  and  fro, 
■treight,  upright,  or  downright,  yet  the  pretended  CH>eratioik  continueth, 
and  advanceth,  none  of  the  modona  above-men^oned  hindering,  much  lesa 
Btopping,  the  other ;  but  unanimously  and  with  bannony  agremng,  they 
all  augment  and  contribute  strength  unto  the  intended  work  and  opera- 
tion ;  and,  therefore,  I  call  this  a  aemi-mwi^olaU  engi»e,  and  do  intenil 
that  a  model  thereof  be  buried  with  me. 

"  99.  How  to  make  one  pound  weight  to  raise  an  hundred  as  high  as 
one  ponnd  fslleth,  and  yet  the  hundred  pound  descending  doth  what  a»- 
thing  lesa  than  one  hundred  pound  can  efieoL 

"  100.  UpoD  so  potent  a  help  as  these  two  last-mentioned  inventions,  a 
water-work  is,  by  many  years  expenence  and  labor,  so  advantageously 
by  me  contrived,  that  a  child's  force  briiu^th  up,  on  hundred  foot  hifb, 
an  incredible  quantity  of  water,  even  two  foot  diameter,  so  ikatttrally,  uat 
the  work  will  not  be  heard,  even  into  the  next  room ;  and  with  so  Rteat 
ease  and  geometrical  symmetry,  that  though  it  work  day  and  night,  Tram 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings  report 
tion  to  the  whole  engine,  nor  hinder  one  day's  work;  and  I  may  bcddty 
coll  it  the  most  stupendous  work  in  the  whole  world  :  not  only,  with  little 
charge,  to  drain  all  aorts  of  mines,  and  furnish  cities  with  water,  tbovgb 
never  so  high  seated,  as  well  as  to  keep  them  sweet,  running  througb 
several  streets,  and  so  performing  the  work  of  scavengers,  as  well  as  fur- 
nishing the  inhabitants  with  sufficient  water  for  their  private  occasions  ; 
but  likewise  supplying  rivers  with  suiBcient  to  maintain  and  make  them 
portable  from  town  la  town,  and  for  the  bettering  of  lands  oU  the  way  it 
runs ;  with  many  more  advantageous  and  yet  greater  effects  of  profit  ad- 
mirable and  consequence.     So  tnat  deservedly  I  deem  this  inTeooon  to 
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erown  my  laboun,  to  reward  my  expences,  and  make  my  ihoughta  acijui- 
Mce  in  way  of  further  inventions ;  this  making  ap  the  whole  century,  and 
preventing  any  further  trouble  to  the  reader  for  the  present,  meanmg  to 
leave  u>  posterity  a  book,  wherein,  under  each  of  these  heads,  the  means  to 
pat  in  execution,  and  visible  triaf,  all  and  every  of  these  inveotions,  with 
the  shape  and  form  of  all  things  belonging  to  them,  shall  be  printed  by 
brass  pistes." 

To  an  ordinary  reader  all  this  appears  prepoaterons,  nor  without  the 
key  can  any  satisfactory  interpretation  be  given.  The  first  seems  incre- 
dible, the  second  impossible,  and  the  third  a  proof  of  mental  alienation. 
But  in  considering  them  it  shonld  be  kept  in  mind,  that  Worcester's  design 
was  to  explain  the  effects  and  uses  of  the  mechanism  be  here  refers  to, 
and  at  the  same  time  to  eoMeal  the  movin?  principle.  This  he  has  accom- 
plished in  the  happiest  manner ;  and  in  doing  it,  has  famished  a  specimen 
of  ingenuity,  and  of  the  fertility  of  his  genius,  almost  equal  to  the  inven- 
tions themselves.  The  three  problems  certainly  refer  to  a  cylindrical 
•team-engine  raising  water  by  means  of  a  pump.  In  No.  96  he  speaks 
of  steam  only  ;  this  was  the  jmmiun  mobile  whose  effect  wEts  the  same  in 
whatever  direction  it  was  conveyed  to  the  piston  ;  i.  e.  whether  through 
ascending,  descending,  curved,  angular  or  straight  tubes,  or  throu^  a 
number  of  them  meetmg  in  the  cyUnder  from  every  imaginable  direction ; 
the  Bt«am  from  one  not  mterfering  vrith,  or  being  counteracted  by,  that 
from  others,  but  the  whole  "  unanimously  and  with  harmony  agreeing, 
they  all  augment  and  contribute  strengdi  unto  the  intended  work  and 
operation,"  viz.  in  pushing  the  piston  along.  It  seems  impossible  for 
Worcester  to  have  selected  a  feature  of  ieriform  fluids  better  adapted 
for  his  purpose,  or  to  have  made  use  of  it  more  skillfully.  In  concealing 
his  meaning  by  riddles,  he  seems  to  have  equalled  the  most  expert  amone 
the  ancients.*  In  No.  99  he  plays  in  a  simdar  style  upon  tkepuloH,  and 
has  contrived  with  admirable  tact  to  contradict  (apparently)  one  of  th» 
iBoat  palpable  maxims  in  mechanics,  and  thus  to  divert  prying  curiosity 
into  a  wrong  track.  The  piston  was  attached  by  its  rod  to  one  end  of  a 
working-beam,  and  a  loaded  pump-rod  tu  the  other,  ao  that  whan  the 
steam  was  turned  on,  the  small  piston  (which  be  compares  to  one  pound) 
was  pushed  down,  and  consequently  the  heavy  pump-rod,  or  the  water 
raised  by  it,  (compared  to  a  hundred  pounds)  elevated  "  aa  high  aa  tha 
one  pound  falleth."  In  No.  100  he  opens  his  views  still  further  by  stating 
it  to  oe#  water-work,  for  draining  "all  sorts  of  mines,  and  furnishing  citiea 
with  abundance  of  water,  though  never  to  high  sealed,"  and  that  its  action 
depended  upon  the  two  last  mentioned  inventions  (Nos.  98  and  99.)  In 
other  words,  he  here  contemplate*  the  pump  and  steam-envine  as  a  whole; 
but  lest  the  device  should  be  too  easily  apprehended,  he  throws  in  a  dash 
of  the  enigmatical,  declaring  it  was  so  contrived  "  that  a  ehiltTt  force 
bringetb  up,  an  hundred  foot  high,  an  incredible  quantity  of  water,  even 
[a  column]  two  foot  diameter ;"  that  is,  a  child  could  by  a  lever  open  and 
oloae  the  cocks,  or  valves,  by  which  steam  was  admitted  into  the  cylinder. 
The  uniformity  of  the  movements  of  a  steam-engine,  and  the  little  noise 
attending  them, — its  workine  incessantly  night  and  dav,  and  the  trifling 
expense  required  to  keep  it  m  repur,  are  now  well  understood. 

•OrBoeientrlddlu,  ihtloriba  Bphjia  it  one  ot  Ihe  nestett.  Wbal  ■uimsl  in  i I  thai 
walk*  on  four  !*(■  in  Ihe  oionim^.on  two  at  noon,  and  ontbrae  in  the  BTuniDrT  (Xdipua 
eipltinad  it.  Tba  aninul,  be  tsid,  wan  •■«,  who  in  the  momrng  at  lite  (in  inftncy) 
erspl  on  bis  bonds  and  feat,  at  lb«  noon  of  life  walked  ereel,  and  in  the  evsninf  of  fail 
^jimpporledhiBUBlrwilhasticIt 
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Notbing  more  is  Deceaibr^  to  coOTince  us  thmt  Wotvausr  Iiere  ipeak* 
of  B  steam-engine  working  a  pamp.  No  other  tolutioD  can  be  given — do 
oiLer  conclusion  aTrived  aX.  No  one  ooulil  hkve  written  and  tpokea  «a  be 
has  done  without  having  either  seen  or  posfteued  ft  steam  engine.  Of  its 
value  he  was  fully  aware ;  far  in  the  patent  granted  by  Partiament  in 
1663  to  himself  and  hid  heira  for  the  long  term  of  ninety  years,  thoae  who 
pirated  the  invention  were  to  forfeit  five  pounds  for  every  hour  they  used 
It,  He  tells  us  that  it  was  the  result  of  **  many  years  experience  and 
labor,"  and  when  it  was  complete,  he  poured  out  his  feelings  in  an  ad- 
dress to  the  Deity,  a  copy  of  which  was  found  among  his  papers,  entitled 
"  The  Lord  Marquis  of  Worcester's  sjaeulatory  and  extemporary  thanks- 
giving prayer,  when  first  with  his  corporeal  eyes  be  did  see  finished  a 
perfect  trial  of  his  watsr-commanding  engine,  delightful  aitd  useful  to 
'whomsoever  hath  iu  recommeodadon  either  knowledge,  profit  or  pleasure." 
Can  any  one  suppose  be  here  was  mocking  his  Creator,  when,  in  the  pri- 
Tacy  of  his  closet,  he  prayed  that  he  might  not  be  "  puffed  up  "  with  the 
knowledge  of  this  great  machine,  and  returned  thanks  next  to  his  creation 
and  redemplion  "  for  an  insight  into  so  great  a  secret  of  nature,"  and  finally 
desired  no  greater  monument  than  to  have  one  buried  with  bim  1  Some 
men  have  lost  their  reason  by  the  excitement  attending  their  discoveries. 
Pythagoras  offered  a  hecatomb  to  the  god*,  end  Archimedes  ran  naked 
throu^  the  streets  of  the  city.  Worcester  acted  more  like  a  phUosopber 
and  a  Christian.  Had  he  imitated  the  Syraousan,  he  had  probably  been 
more  successful  in  securing  attention  to  lus  discoveries. 

From  the  latter  part  of  the  99th  proposition,  we  infer  that  Woreester 
used  a/(mMg  pump,  as  he  intimates  that  the  ^ect  was  prodooed  by  die 
descent  of  a  weight  (on  the  pump-rod,)  not  by  its  ascent ;  and  this  agree* 
with  the  description  and  figures  of  old  water-engines.  In  "  Art  and  Na- 
ture," pablished  as  before  observed  in  1633-4,  they  consist  of  forcing 
Eumps  worked  by  large  tread  and  other  wheels — i.  e.  ue  pistons  are  rusea 
y  these  but  are  earned  down  by  their  own  weight,  or  that  of  weights 
with  which  they  are  loaded.  Tbese  weights  were  sometimes  attached  to 
die  rod,  at  others  to  the  end  of  the  working-beams  to  whicb  tbe  rods  ware 
connected ;  and  hence  they  were  named  "  beetle-beams,"  from  tbeir  re- 
semblance to  a  large  hammer.  Loading  the  piston-rod  of  pumps  did  not 
therefore  originate  with  Moreland  or  Newcomen,  unce  the  practice 
was  older  even  than  Worcester.  The  piston  in  Fludd's  pressure- 
engine  is  an  example.  9ach  pistons  were  named  "  hearie  fiDtfors,"  (a 
solid  piston  being  named  "  s  forcer,"  and  the  upper  box  of  a  common 
pump  "s  sucker.") 

As  Worcester  is  believed  to  have  applied  steam  to  work  a  pump,  it  will 
be  asked,  did  he  not  perceive  its  application  as  a  mover  of  machinery  in 
general — to  propel  boats,  Sec.  1  les ;  and  he  has  left  a.  proof  of  this  also. 
In  a  manuscript  (sea  Stuart's  Anecdotes,  vol.  i,  66)  he  obaerves,  speaking 
of  the  device  No.  93,  "  I  can  make  a  vessel  of  as  great  a  burden  as  the 
river  can  bear,  to  go  against  the  stream,  which  the  more  rapid  it  is,  the 
faster  it  shall  advance,  and  the  moveable  part  that  works  it,  may  be  by 
one  man  still  guided  to  take  advantage  of  the  stream  and  yet  to  steer  the 
boat  to  any  point ;  and  this  engine  is  applicable  to  any  vesa^  or  boat 
whatsoever,  without  being  ibere fore  made  on  purpose;  and  it  woriteth 
these  effects :  it  roweth,  it  draweth,  it  driveth  (if  need  be)  to  pass  London 
Bridge  against  the  stream  at  low  water ;  and  a  boat  laying  at  anchor,  the 
engine  may  be  used  for  loading  and  unloading."  Beudes  the  Century, 
Worcester  published  what  he  called  "  An  exact  and  true  Definidon  of  the 
most  stupendous  Water-commanding  Engine,  iorented  by  the  Ri|^t  Ho- 
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■uunbla,  (and  dewiTedly  to  ba  praiied  •nd  admired),  Edward  Somenet, 
Lord  MarauU  of  Worcester,  ana  by  fail  lordship  bimself  preacnted  to  Lis 
moat  exceUant  Hajesgr  Charles  the  Second,  our  moat  gracious  Sovereign." 
This  was  a  tract  of  twenty-two  pages,  and  is  supposed  to  have  been  printe<l 
for  the  purpose  of  fonning  a  company  to  introduce  the  device.  It  is  writ- 
ten ia  the  some  s^le  as  the  Centuiy,  and  instead  of  descritHng  the  machina 
is  oonfined  to  an  enuineratioii  of  its  propertifls. 

In  Worcester's  day,  patents  for  useful  inventions  were  often  classed 
with  the  most  unrighteous  monopolies,  and  the  holders  of  them  held  in 
general  contempt.  This  may  serve  to  aocount  in  some  measure  for  the 
neglect  that  Rainseve  and  Worcester's  projects  met  with.  The  abomina- 
ble  abuse  which  Ehzabeth,  James  and  Cliaiies  toade  of  the  power  to  grant 
Mtents,  excited  general  disgust  Courtiers  and  otbera  obtained  monopo- 
lies for  nearly  all  the  chief  brancbes  of  trade,  and  sold  rights  in  ibem  b> 
others,  so  that  prices  were  raised  to  an  oxorbilant  height  Had  patents 
been  confined  te  new  inventions,  the  result  would  have  been  beneficial ; 
but  exclusive  grants  were  obtained  to  work  and  sell  the  commonest  articles, 
as  salt,  iron,  lead,  coals,  and  even  bones  and  ngs :  with  the  mooouoHsta 
of  these,  (Aorfne*  amd  hortrteeeke*  as  KUsabeth  once  called  them)  the  an- 
tiior*  of  discoveries  and  improvements  in  the  uuful  arts  were  confouaded. 
In  a  masquerade  got  up  for  the  entertainment  of  Charles  I,  in  1633, 
(among  the  managers  of  which  were  Noy  the  Attorney  Qeneral,  Sir  John 
Finch  and  Mr.  Selden)  were  several  flings  at  monopolicB,  as  hints  for  tha 


king.     In  the  "  Antimasoue  of  Prtgeetort,"  says  Maitland,  "  rode  a  fellow 
Upon  a  little  horse,  with  b  great  bit  in  his  mouth ;  and  upon  the  man's 
a  bit,  with  head-stall  and  reins  futim'd,  and  signified  a  projector 


who  begged  a  patent,  that  none  in  the  kingdom  might  ride  their  horses,  but 
with  such  bits  as  they  should  bay  of  him.  Then  come  another  fellow 
with  a  lAnch  of  carrots  upon  his  head,  and  a  capon  upon  his  Gat,  describ- 
ing [representingj  a  projector  who  begged  a  patent  of  monopoly,  as  the 
first  inventor  of  the  art  to  feed  capons  with  carrots ;  and  that  none  but 
himself  should  make  use  of  that  invention ;  and  have  the  privilege  for 
fourteen  years,  according  to  the  statute." 

Putting  out  of  view  his  political  conduct,  the  iate  of  Worcester  resem- 
bled that  of  great  inventors  in  almost  every  age.     In  some  respects  it  was 
...  ~     .    .      .  _  ,     j^^Jp^      •  .... 

^rgies, 
tliird  of  a  century,  to  useful  discoveries  ;  and  in  his  old  age  he  v 
duced  to  borrow  small  sums  to  meet  his  neceuiues ; — and  when  at  last 
the  profligate  Charles  was  restered,  although  Worcester  recovered  his 
demesne,  his  dwellings,  furniture,  papers,  models  and  machines  had  all 
been  destroyed,  and  he  was  overwhelmed  with  debt     Still  his  energies 


pecuhoriy  severe.     The  heir  of  one  of  the  richest  and  moat,  powerful  fami- 
lies of  the  land,  be  devoted  his  wealth  and  his  energies,  for  more  than  o 


were  stimulated  by  a  consciousness  of  the  importance  of  his  inventionSg 
but  which,  alas  1  his  contemporaries  were  unable  to  appreciate,  except  by 
insiniiatioiu  that  they  were  Uie  fruits  of  a  partial  insanity.  Finally  death 
supt  in  and  closed  his  labors  forever.  Then  it  wss  that  his  widow,  who 
waa  fully  sensible  of  the  value  of  his  great  meicbine,  used  her  exertiona 
to  introduce  it ;  but  her  confessor,  a  Roman  Catholic  priest,  expostulated 
with  her  on  the  folly  and  jm  of  her  conduct,  and  solemnly  declared  tO' 
bar  "  on  the  faith  of  a  priest,"  that  if  she  did  not  cease  her  endeavors,  she 
would  not  only  lose  the  favor  of  heaven,  but  the  use  of  her  reason  I  Sh» 
died  in  1681,  and  the  evil  genius  of  Worcester  did  not  even  then  cease 
its  persecutions ;  for  posterity,  which  generally  corrects  the  errors  of  con- 
Cemporsriei,  has  not  yet  done  justice  to  his  memory.  While  a  few  writera 
■dmit  the  value  and  originality  of  his  inventions,  and  account  him  one  of 
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the  chief  AuthoM  of  the  ste»m-ennDe,  othera  condemn  die  "  Century  "  u 
a  mass  of  KtnurditieB,  and  deny  nil  ever  haring  constnieted  •  steun-mar 
chine  at  all.  Thoae  peraoni  however  who  entertain  the  latter  opiDion, 
evince  aa  mach  credulity  as  others,  for  they  cannot  deny  that  he  has  des- 
cribed the  peculiu'  properties  of  the  great  ehefd^teHmv  of  human  ingenuity 
(a  high-pressure  steam-engine)  with  a  degree  of  accuracy  of  which  history 
affords  no  parallel ;  and  hence,  if  he  lacked  truth  he  possessed  prescience, 
and  while  they  reject  him  as  an  inventor,  they  must  admit  him  as  a 

In  the  annals  of  the  arts,  there  is  not  to  be  found  a  more  singular  exam- 
ple of  devotion  to  their  improvement,  either  as  regards  the  number  of 
years  or  the  amount  of  treasure  spent,  the  importance  of  the  results  or  the 
ardor  with  which  they  were  pursued,  and  the  efforts  made  to  excite  publio 
attention  to  Uiero.  Whatever  others  may  have  done  before  him,  they  led 
no  account  of  their  labors.  Worcester  is  the  first  to  communicate  with 
the  public  by  means  of  the  press,  and  to  give  a  tangible  description  (al- 
though an  intentionally  obscure  one)  of  his  discoveiies — (for  we  do  not 
peckoD  either  the  device  of  Branca  or  Decaus  among  such.)  On  this  ac- 
count alone  he  is  entitled  to  the  praise  of  every  modem  engineer;  and 
had  he  but  fulfilled  his  promise  of  leaving  detailed  accounts  illustrated 
with  enerayings,  his  fame  would  have  endured  aa  long  as  the  steam-enginB 
Itself.  If  he  were  not  the  great  magician  who  evoked  the  mighty  spirit 
that  lay  dormant  in  steam — who  pointed  out  its  power  and  the  means  of 
employing  it — who  revived  the  project  of  Graray  and  embodied  and  o*- 
tendea  the  apparatus  of  Porto — it  may  be  asked  who  was  1  And  although 
none  of  his  machines  are  extant,  nor  any  of  his  immediate  successors  have 
had  the  candor  to  acknowledge  their  obligations  to  him,  it  is  not  less  the 
duty  of  historians  to  uphold  his  claims  unul  evidence  shall  be  adduced  to 
establish  those  of  another — until  some  older  and  clearer  fountain  than 
hia  Century  of  Inventions  shall  be  discovered — from  which  slreama 
eqnally  unacknowledged  have  been  drawn.     We  cannot  but  hope  that 


the  obloquy  and  uncertainty  under  which  bis  name  is  yet  shrouded  will 
eventually  be  dispersed,  when  he  will  be  esteemed  one  of  the  roost  re- 
markable mechanicians  of  modern  times,  and  be  associated  with  the  Dee- 
daluses  and  Archytases  of  antit^uity. 

How  similar  to  Worcester's  manner  of  announcing  his  discoveries,  is 
the  following  one  from  Olauber,  an  older  wiiter  I  It  appears,  at  the  first 
glance,  as  absurd  as  any  thin^  in  the  Century.  "  A  certain  eeevet  by  the 
help  whereof  wines  are  easily  transported  from  mountainous  places,  re- 
mote from  rivera  and  destitute  of  other  conveniences  of  carriage,  so  that 
the  carrying  of  tn  vessels  is  of  cheaper  price  than,  o^Aensue,  the  canying 
of  OIK."  This  passage,  he  observes,  offended  many  both  learned  and  nn- 
learned,  who  "believed  the  thing  impossible,  and  nothing  but  dreams  and 
fancies."  He  was  so  much  Quizzed  about  it  as  to  regret  having  mentioned 
it  "  Many  judge  this  thing  incredible  because  of  the  want  of  winged  earU, 
ithat  need  not  horses  1  confirming  one  the  other  in  nnbeliefe,  leading  one 
^another  afUr  the  manner  of  the  Llind."  His  plan  was  to  take  the  juice  of 
ithe  grape  before  fermentation  commenced,  and  concentrnte  tt  by  boiling 
itill  it  became  of  *'  the  conaietence  of  honey."  The  water  being  thus  eva- 
tporated  reduced  the  wine  to  less  than  one  tenth  of  its  former  bulk  and 
■weight,  while  it  still  retained  the  strength  and  virtue  of  the  whole ;  for 
-"  new  wine  decocted  and  inspissated  before  its  fermentation  loseth  nothing 
of  its  virtues :"  hence  it  could  be  transported  at  one  tenth  the  expense. 
When  used,  it  was  to  be  diluted  with  Ue  same  quantity  of  water  as  waa 
enporated  from  it.     (Treaciie  on  Philog.  Furnocei :  Lond.  1651,  p.  353.) 
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Th«  adoption  of  toioa  mode  of  concentratiitf  wine*  u  above,  mnild 
prodoce  an  immeiiM  Mvin^  in  their  freight  and  carriagv  over  the  fflobe, 
and  would  consequently  greatly  reduce  their  coat.  It  would  aim  defeat 
the  enormoiu  fraadi  that  ore  pneticed  in  the  manufacture  of  anificial 
winea — mizturea  in  which  not  a  drop  of  die  juice  of  the  grape  is  aaid  to 
eater.  Qlauber  wys,  "  the  new  wine  is  not  to  be  inipiMated  in  oanl- 
drona,"  on  account  of  the  taate  which  it  would  contract  from  the  metal. 


*ia  krwMch  ho  pra^My  irorkwl  bk  pt»fsr  pnnpi— Imnllau  «r  kli  u 

■  pititaan  ««rU(»-~Kiili»lou  wffli  et  m 

Um  ro  InviBit  |H«<r  throvfk  pipu  bj  mini  of 
■d  ilr— FipLnli  upariiHkU  lo  mm  •  pblH  bf 
(vkpawdu  ud  bf  MHa— Tka  luur  abudmail  bj  btni  Tit  mlMj  tmItb  laprand,  ant  IbwihT  bf 
Fiplit— HiircarUl  mittjf  hItu— Wmler  luw— Suu  bkUh  at  Fipla  ftr  nliUf  wutr  ud  trnpuAag 


Towarda  the  latter  part  of  Worceiier'a  li&,  a  yoang  Frenchman  was 
ftat  rising  into  notice.  This  was  John  Hautefeuille,  the  son  of  a  baker  at 
Orleans,  and  one  of  the  most  brilliant  mechanicians  of  the  ife.  He  was 
in  his  twentieth  year  when  Worcester  died.  The  device  for  regulating 
the  vibration  of  the  balance  in  watches  by  a  spring,  whence  arose  the 
name  of  pendulum  watches,  was  invented  by  him,  and  was  subsequently 
improvea  by  Huyghena.  Hautefeuilte  entered  the  church  and  becsme 
an  abb^.  He  wrote  several  tracts  on  subjects  connected  with  mecham'ca. 
In  1678  he  proposed  steam  as  a  source  of  power,  and  applied  it  to  give 
motion  to  a  piston.  Instead  of  aqueous  vapor  he  also  proposed  the  uter- 
nate  evolution  and  condensuion  of  the  vapor  of  alcohol,  in  such  a  manner 
that  none  should  be  wasted ;  and  b<ith  he  and  Huyghena  gave  motion  to 
pistons,  by  exploding  small  charges  of  gunpowder  in  cylinders.  In 
1678,  Dr.  Hooke  proposed  a  steam-engine  on  the  atmospheric  principle, 
but  the  only  information  respecting  it  is  in  a  memorandum  to  that  efleet 
found  among  the  papers  of  Dr.  Robison,  the  author  of  the  treatiae  on  Me- 
chanical Philosophy. 

These  examples  of  imparting  motion  to  apitlam  by  afiriform  fluids  are 
intercicing,  inasmuch  as  they  hdow  that  the  device  was  not  very  novel  in 
the  middle  of  the  17th  century,  and  that  mechanics  in  different  countriea 
were  familiar  with  it 

We  must  now  refer  to  another  member  of  the  English  court,  a  contem* 
jtonty  of  Worcester,  and  like  him  actively  engaged  in  the  politica  of  the 
times,  hut  who  on  the_  other  hand  adhered  to  the  commonwealth  until  the 
latter  part  of  Cromwell's  administnuion.  We  are  told  that  one  evening, 
near  midnight,  an  interview  took  place  between  Cromwell  and  Thorloe, 
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UsMcretary,  M^hoiiHoftlMlKttar,  onHOMMstobaaBendMtnqnired 
the  utmort  MCroey.  It  wu  not  nil  the  matter  hid  been  opened  th*t  the 
Protector  becune  aware  of  a  third  person  being  in  the  room,  when  he  ia 
said  to  have  drawn  hia  dagger,  and  wonld  have  dispatchnd  the  sappoted 
intruder,  had  not  Tharloe  )F*i*ivteed  ailence  on  the  part  of  hia  sleepintr 

■     -       -     '.-..■■      „iS.,-       '  * 


attendant.  This  waa  SamneT  Moreland,  the  inTeutor  of  the  plunger  punip^ 
He  waa  then  employed  by  and  in  the  conBdence  of  the  tecretarjr,  and  waa 
aaleep,  or  afiected  to  be  ao,  durins  the  interview.  On  this  or  aome  other 
oecasion,  he  overheard  the  discussion  of  a  plan  to  takeoff  the  exiled  king; 
to  whom  he  disclosed  the  whole,  and  waa  rewarded  with  a  title  at  the 


It  ia  not  known  when  Horeland  first  turned  his  attention  to  mechanics: 
probably  not  till  the  restoratian.  Aa  a  favorite  of  Charles  II,  and  a  groom 
of  the  privy  chamber,  he  must  often  have  met  Worcester  at  court ;  while 
from  their  eonsenial  habits  and  pursuits  as  mechanicians,  they  were  moat 
likely  on  familiar  terms  with  each  other.  As  master  of  mechanics  to  the 
king,  Moreland  was  no  doubt  one  of  those  who  visited  and  examined  the 
machine  erected  by  Worcester  at  Vanxhall,  and  aa  a  matter  of  course  be 
oi^n  perused  the  Centuiy  of  Inventions.  He  has  itot  however  bad  the 
ingenuousness  to  mention  any  of  these  diings ;  but  notwithstanding  this,  we 
cannot  believe  so  &r  as  his  applications  of  steam  are  concerned,  that  he  was 
not  indebted  either  to  die  machine  itself,  to  the  Centun^,  or  to  personal  in- 
tercourse with  Worcester,  and  probably  to  them  all.  The  first  invention  of 
Moreland  that  we  hear  of  ia  the  pump  that  he  patented  in  ]675,and  on  which, 
according  to  one  writer,  he  had  previously  spent  twelve  years.  This  carries 
the  date  nack  to  about  1663,  the  year  in  which  the  Century  was  published. 
It  is  not  at  all  unlikely  that  this  famous  pamphlet  first  induced  Moreland 
(as  well  as  many  others)  to  turn  his  attention  to  mechanical  discoveries, 
and  furnished  him  with  materials  to  work  upon.  In  the  manuscript  volume 
presented  by  him  to  the  French  king  in  16B3,  (see  page  273)  and  now 
preserved  in  the  British  museum,  there  is  a  very  short  chapter  on  fire  or 
steam  engines,  of  which  the  following  is  a  translation ; — 

"  TA<  PrtMciplet  of  the  nev  Poree  t^Fire,  itvaUed  by  the  Chtwditr  More- 
lattd,MtheytaT\^9ii,mtipnatnUdUhi$nu>HChr^amMi^t$ty,Vi93. 
"  Water  being  evaporated  by  the  force  of  fire,  these  vapors  immediately 
require  a  greater  space  {about  two  thousand  times)  than  the  water  accti> 
pied  before,  and  too  forcible  to  be  always  imprisoned,  will  burst  a  fuece 
of  cannon.  But  being  governed  according  to  the  rules  of  statics,  and  t«- 
dnced  by  science  to  measure,  weightaniT  balance,  then  they  will  peace- 
ably carry  their  burden,  (like  ^ood  horses)  and  thus  become  of  great  use 
to  mankind ;  particularly  to  r«ue  water  according  to  the  following  table, 
which  shows  the  number  of  pounds  which  can  be  raised  1800  times  per 
hour  to  six  inches  in  height,  by  cylinders  half  filled  with  water,  aa  well 
u  the  different  diameters  and  depths  of  those  cylinders  : — • 
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of!  tut,  ud  >  luftk  srll  tnl,  poaadi  wslgkl of  n 

1 3,240 

a 6,480 

3 9,720 

4 12,960 

5 16,200 

6 19,440 

7 22,680 

8 25,930 

9 29,160 

10 32.400 

20  -, 64,800 

30 97,200 

40 129.600 

«0 162,000 

60 194,400 

70 226,800 

80 259,200 


A»  this  19  all  that  MoreUnd  haa  left  on  the  subject,  it  ia  difficult  if  not 
impouible  to  ucertain  the  precise  construction  of  his  apparatus.  He  is 
as  silent  respiectiitg  the  manner  and  details  b;  which  the  object  was  ao- 
compliihed  as  Worcester  himself,  and  hence  the  steam-engine  of  one  ia 
quite  as  much  a  riddle  as  that  of  the  ether.  Were  these  "cylinders" 
generalort  of  steam — boilers  1  or  were  they  separate  Tessets  for  the  re- 
ception of  water,  and  from  which  it  was  expelled  by  the  vapor,  as  from 
the  receivers  of  Savery  1  or,  working  cylinders,  whose  pistons  were  moved 
by  the  expansive  force  of  steam  1  or,  lastly,  were  they  pump  chambers, 
by  which  the  liquid  was  raised  t  We  suppose  they  were  the  last.  Had 
they  acted  on  the  principle  of  Savery's  receivers,  they  could  never  hare 
been  filled  and  discharged  thirty  times  a  minute,  or  1800  times  an  hour. 
Then  as  Moreland  speaks  only  of  high  steam,  it  can  hardly  be  imagined 
that  he  used  or  thought  of  using  its  expansive  force  to  move  pistons  m  the 
largest  cylinders  he  has  named,  or  made  calculations  for  the  employment 
of  ninety  of  them.  Where  could  he  have  got  a  boiler  sufficiently  strong 
and  capacious  to  supplv  a  cvtinder  twelve  feet  long  and  six  in  diameter, 
to  say  nothing  of  the  difficulty  of  making  such  cylinders  1  Yet  he  speaka 
of  them  as  nothing  extraordinary.  Now  there  was  no  difficulty  in  making 
them  of  all  the  dimensions  named_^  hit  ptnnger  jmmpt,  (see  No.  '"" 


i)  for  the  simple  reason  that  they  were  not  required  to  be 
bored ;  as  the  piston  or  plunger  worked  in  contact  only  with  the  collar  of 
leathers  or  atumng  box  at  the  top.  That  it  is  to  these  he  refers  appears 
also  from  the  terms,  "reduced  by  science  to  measure,  weight  and  balance," 
these  being  the  very  same  that  he  used  when  he  claimed,  by  the  invention 
of  this  pump,  to  have  "  reduced  the  raising  of  water  to  wfight  and  mra- 
*wre,"  tiz.  by  comparing  the  weight  of  the  loaded  plunger  to  the  quanti^ 
of  water  displaced  from  the  cylinder  by  its  descent,  (see  page  273) — and 
thence  the  number  of  pounds  raised  by  each  cylinder  in  tne  preceding 
table,  would  be  the  sum  of  the  weights  on  each  plunger.  The  term  "six 
inches"  probably  arose  from  that  being  the  lengm  of  stroke  of  his  experi- 
mental plunger;  the  length  of  the  other  cylinders  and  their  effects  beinff 
calculated  from  it.  The  cylinders  being  only  "  half  filled  with  water," 
would  then  refer  to  that  quandty,  or  about  that,  being  expelled  at  each 
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•troke,  becaiue  lie  plungers  would  tMwupy  one  half  only  of  the  interior 
MpacmeB  or  the  cvlindera.     See  the  figure  of  one  on  page  27S. 

If  thii  view  of  Moreiuid's  project  be  correct,  tbiBD  he  merely  med 
«te&m  to  work  his  plunger  pump ;  And  therefore  could  not  justly  claim  in 
1682  to  have  invented^  but  only  to  have  applied,  the  "  force  of  fire." 
That  he  employed  a  nmple  form  of*  high-preagnre  engine,  in  other  wonl« 
moved  a  pi»tan  by  the  elaaticity  of  the  vapor,  like  Hautefeuille  and  Wor- 
ceiter,  we  have  little  doubt.  His  language  intimatee  that  Bteam  was  then 
rendered  so  manageable  as  to  be  appUcable  to  numerous  operations  "  for 
the  beneUt  of  mankind,"  of  which  the  raising  of  water  was  the  mily  one 
under  his  conaide ration.  He  obviously  was  in  possession  of  the  means 
of  imparting  motion  to  tolidt  by  steam,  and  thus  making  it  peaceably 
to  carry  burdens,  or  overcome  resistances,  "  like  good  horses ;" — In- 
deed, one  might  almoM  suppose  from  his  ^parent  carelesineH.  in  not 
mentioning  ^e  mode  in  which  the  steam  was  applied,  viz.  in  giving 
motion  to  a  piston,  that  explanation  on  this  point  was  then  no  longer 
necessa^. 

It  is  singular  that  Morelattd  made  no  claim  fbr  this  invention  in  Eii^and. 
Why  was  this,  if  he  had  any  I  Does  it  not  imply  that  he  did  not  invent 
die  steam  part  of  the  apparatus  t— else  why  not  have  patented  it  as  well 
as  the  pump  t  for  the  oDject  deserved  it,  and  the  prospects  of  remunera- 
tion were  aa  promising  at  home  as  in  France.  Tne  fact  is,  he  could  not 
claim  the  piston  steam-engine  where  the  labors  of  Worcester  and  others 
were  still  in  remembrance,  and  where  some  of  their  machines  were  pro- 
bably extant  As  an  educated  man  and  an  enlightened  mechanic,  More- 
land  was  not  ignorant  of  the  labors  of  Ramseye,  Fludd,  Hautefeuille  and 
Worcester.  It  is  pretty  clear  that  he  lit  his  candle  at  the  lamps  of  these 
I,  and  particularly  the  latter;  for  in  the  short  chapter  on  sleam  quoted 
ro,  he  MS  copied  both  the  ideas  and  the  language  of  the  autbor  of  the 


Century  of  Inventions.  One  observation  is  highly  creditable  to  him,  if  he 
was  the  author  of  the  experiments  from  which  it  was  deduced,  viz.  the 
relative  volume  of  steam  and  water.  A  quandty  of  the  latter  when  con- 
verted into  the  former  occupies,  he  observes,  SOOO  times  its  former  space : 
modern  experiments  make  it  between  1800  and  1900  times. 

Of  several  simple  modes  by  which  Moreland  may  have  applied  steun 
to  work  his  pumps,  we  shall  mention  one  : — Let  a  small  steam -cylinder. 


open  at  the  top,  be  placed  under  the  same  end  of  a  vibrating  beam  as  the 
plunger  of  the  pump ;  the  piston  rods  of  both  cylinders  being  connected 
to  the  beam ;  then,  by  turning  a  three-way  steam-cock,  the  vapor  would 
rush  into  the  bottom  of  the  steam-cylinder,  and  pushing  up  the  piston, 
would  raise  the  beam  and  the  loaded  plunger  of  the  pump ;  and  by  then 
turning  the  cock  so  as  to  close  the  communication  between  the  cylinder 
and  the  boiler,  and  to  open  one  between  the  former  and  the  external  air, 
the  steam  would  escape,  and  the  weights  on  the  plunger  would  cause  it, 
with  the  beam  and  steam- piston,  to  descend.  By  turning  the  steam-cock 
as  before,  the  stroke  would  be  repeated.  The  only  objection  to  such  a 
device  is,  that  it  is  too  crude  to  be  attributed  to  Moreland  ;  for,  from  the 
advantages  he  possessed  in  knowing  all  that  had  been  previously  done, 
there  can  be  little  doubt  that  he  was  in  possession  of  a  self-acting  engine, 
and  of  the  knowledge  of  increasing  its  energy  according  to  the  different 
sized  pumps  required  to  be  worked  by  It. 

Moreland  possessed  a  natural  turn  for  mechanics,  and  during  the  latter 
half  of  his  life  devoted  himself  almost  exclusively  to  the  invention  and 
improvement  of  useful  machinery.  Were  a  description  of  his  and  Woi^ 
eester**  workshops  now  extant,  it  would  possess  more  real  interest  than 
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■nj  diing  which  hirtory  or  tfwliiioa  ham  handed  down  kboat  roond-heads 
ana  cavaliers.  He  had  a  place  fitted  up  et  the  expense  of  government, 
with  the  requisite  appantue  for  earring'  on  his  researches,  at  which 
Charles  sometimes  assuted  ;  and  he  speaks  of  having  moreover  expended 
large  sums  of  his  own  in  experiments,  to  please  the  lung's  fancy.  Of  the 
number  of  curious  things  here  contrived,  besides  his  speaking  trumpet, 
oapstan,  pumps  and  steam-engines,  we  may  jndge  from  what  is  report«d 
of  bis  dwelling  bouse  at  Vauxbftll,  erery  part  of  which  exhibited  prooft 
of  his  inventive  mind  ;  even  the  side  table  in  bis  dining  room  was  supplied 
with  a  large  fountain,  and  the  glasses  stood  under  little  streams  of  water. 
His  coBcb  too  contained  a  portable  kitchen  with  clock-work  machinery, 
by  which  he  could  nuke  soup,  broil  steaks,  or  roast  a  joint  of  meat. 

VauxhaU  gardens,  as  a  place  of  public  resort,  appear  to  have  originated 
in  the  curious  things  constructed  there  by  Moreland.  Aubrey,  in  his  His- 
tory of  Surrey,  states  that  in  1667,  Sir  Samuel  "  built  a  nne  room  at 
Vauxfaall,  the  inside  all  of  looking-glass,  and  fountains  very  pleasant  to 
behold,  which  is  much  visited  by  strangers.  It  stands  in  the  middle  of 
the  garden,  covered  with  Comiut  slate,  on  the  point  whereof  he  placed  ft 
Punchinello  very  welt  carved,  which  held  a  dial ;  but  the  winds  have  de- 
molished it"  "  The  house  [observes  Sir  John  Hawkins]  seems  to  faavo 
been  rebuilt  since  the  time  that  Sir  Samuel  Moreland  dwelt  in  it ;  and 
there  being  a  large  garden  belonging  to  it  planted  with  a  great  number 
of  stately  trees,  and  laid  out  in  shady  walks,  it  obtained  the  name  of  Spring 
Omrdens,  and  the  house  being  converted  into  a  tavern  or  place  of  enter- 
tainment, it  was  frequented  by  the  votaries  of  pleasure." 

Moreland's  attachment  to  mechanics  continued  unabated  in  his  old  age, 
and  even  a&er  his  sight  was  lost.  A  pleasing  proof  of  this  is  given  in  ue 
diary  of  the  celebrated  John  Evelyn.  "C^ber  2S,  169fi.  The  ardi- 
btshop  and  myselfe  went  to  Hammersmith  to  visite  Sir  SaitL  Moreland, 
who  was  entirely  blind ;  a  very  mortifying  sight.  He  shewed  us  his  in- 
vention of  writing,  which  was  very  ingenious,  also  his  wooden  kalender 
which  instructed  nim  all  by  feeling,  and  other  pretty  and  useful  inventions 
of  mills,  pumps  &c.  and  the  pump  he  had  erected  tbat  serves  water  to  his 
garden,  and  to  passengers,  with  an  inscription,  and  brings,  from  a  filthy  part 
of  the  Thames  neere  it,  a  most  perfect  and  pure  water.  He  had  newly 
bnned  <£200  worth  of  music  books,  six  feet  under  ground,  being,  as 
he  said,  love  songs  and  vanity.  He  plays  himselfe  psalms  and  religious 
hymns  on  the  Theobo." 

It  is  singular  that  almost  alt  the  early  English  steam  madiinista  and 
supposed  experimenters  were  etntrtier*.  Bacon  was  Lord  Chancellor; 
Hamseye,  groom  of  the  privy  chamlier  to  Charles  I ;  Worcester,  a  m^ 
quia  and  a  general ;  Moretana,  a  knight,  and  groom  of  the  privy  or  Imd 
chamber*  to  Charles  II ;  and  Bushell  and  Savery  held  offices  under  the 
government. 


a  natond  inquirf ,  obatodd  dntiaswaraattBclwd  to  nefa  an  office,  tl 
Isaire  (a  p«rfonn  them  f  uid  purtieulwlT  to  tack  bessls  m  Cbarie*  U  or  <jooTgs 
nsRM  begiow,  n«aM  aSbnt  smoMBsiil  snd 


... _D  reidora.     It  woiild  add  toths  csnsei  of  boneit  ciatlatioo  in 

fonrxlen  of  rnr  rspublic,  for  (beir  Bicladinf  auch  roolerii*  rrom  our  shores.  Onr  ei- 
ampte  in  tbii  reapaet  u  wall  as  in  ollien,  ii  deslinrd  by  Pravideiice  to  eiert  a  ulnlaij 
iotfusnce  on  the  world.  A  fpiril  of  eoquirj,  and  ideal  or  ssir  rtapMst,  are  alreadf  tie- 
coming  loo  prevalent  lor  men  lo  b«  kept  much  longer  in  a  mare  slate  of  pupilage,  to  be 
governed  tike  children  through  the  medliim  of  their  Kiues,  with  pagettiu  and  high 
■ODoding  title*,  coitnines  ind  ceramoniBi,  liiuel  and  lewgawi.  iSoae  peraam  irbe 
have  not  reflected  on  the  nibjeel,  have  nevd  or  a  large  lAare  of  fiuAto  beKsTe  one  half 
.1.-     -ga  connected  with  lbs  origin  and  tfaa  confening  of  titles,  M  truly  prs- 
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The  next  experimanU  on  •team  of  which  ve  h*ra  any  aceonot  vrcra 
made  hy  a  Freachman,  but  not  in  Frwice.  The  reuon  of  thi«  may  aa 
well  be  noticed,  since  it  will  Mrve  to  show  bow  great  the  ble«aings  are 
which  we  enjoy  over  the  people  of  the  old  world.  Of  all  the  different 
•peciea  of  tyranny  under  which  Europe  ha«  groaned  and  Still  groans,  that 
by  which  the  inhabitant*  are  compelled  to  adopt  such  articles  of  religious 
futh  as  their  gavemors  choose  to  give  them,  is  the  most  diabolical.  This 
may  be  considered  aa  the  olimax  of  human  degradation,  and  of  hnman 
oppr(:suan.  No  feeling  mind  can  contemplate  without  horror  the  acts  of 
those  despots  -who,  not  content  with  consuming  the  substance  and  tyran- 
nizing over  the  bodies  of  their  rulffecU,  as  they  call  them,  insist  on  sub- 
duing their  mrndt  and  cofMcsncn  also ! — despots  who,  though  covered 
with  crime,  btosphemously  set  themselves  up  as  "  Heads  of  the  Church  I" 
and  "  Defenders  of  the  Faith  1"  and  this  too  by  the  "  grace  of  God  !"— 
And  these  Heads  of  the  Church,  in  order  to  defend  "  the  Paich,"  have 
harassed,  plundered,  hanged,  shot  and  even  burnt  alive  both  men  and  wo- 
men who  would  not  acknowledge  them  as  such  !  Thus  it  was  when  the 
edict  of  Nantes,  which  Henry  IV  established  to  protect  his  Protestant 
subjects  in  their  civil  and  religious  rights,  was  revoked  by  Louis  XIV,  it 
became  the  signal  for  the  most  violent  persecutions  <if  that  people.  Their 
children  were  taken  from  them  and  placed  under  Papist  teacners~^ey 
were  compelled  by  the  penalty  of  military  execution  to  embrace  the  Ro- 
man faith — a  price  was  set  on  Uie  heads  of  those  who  refused— a  twentieth 
{lart  of  their  whole  number  was  butchered— half  a  million  fled  into  other 
stids  (as  the  Pilgrims  did  to  this)  that  they  might  be  at  liberty  to  worship 
Ood  according  to  tlieir  own  consciences.  In  this  way  the  most  ingenious 
and  avowedly  the  most  industrious  mechanics  of  France  were  driven 
into  exile ;  and  by  a  righteous  and  retributive  Providence,  the  staple  ma- 
nufactures of  that  kingdom  were  transferred  to  other  nations. 

Of  those  who  took  refuge  in  England  was  Fapin,  a  native  of  Bitus ;  a 
physician  and  philosopher,  and  one  of  the  most  talented  of  the  early  ex- 
perimenters on  steam  and  air :  a  man  of  whom  any  country  might  have 
been  proud,  and  who,  thou^  France  fAm  cast  out  as  a  disgrace,  she 
MOV  claims  honor  to  herself  for  having  given  him  birth;  and  monrns  that 
the  records  of  his  labors  are  only  to  be  found  in  foreign  archives.  What 
a  commentary  on  religions  persecution,  that  the  only  claims  which  Roman 
Catholic  France  has  or  can  set  up  for  a  share  in  the  invention  of  the 
steam-engine,  are  based  on  the  ingenuity  of  a  Jew  and  a  Protestant !— -^n 
Solomon  Decaus  and  Denys  Papin. 

Through  the  influence  of  the  celebrated  Boyle,  Papin  was  elected  ft 
fellow  of  the  British  Royal  Society  in  December,  16S0.  He  was  an  ac* 
nve  and  useful  member,  and  contributed  several  interesting  papers  to  the 
Society's  Transacdons.  In  1G81  he  invented  a  method  of  softening  bones, 
with  a  view  to  extract  nourishing  food  from  them,  vis.  by  submitting  them 
to  the  action  of  steam  at  high  temperatures,  in  close  vessels  named  digetItT*. 

ptnteroiu  are  thej.  Tba  Ordsrs  wers  durived  from  all  Mrti  of  diinft,  as  the  moon, 
■tun,  dugs,  horses,  snords,  fiowan,  stone*,  diells,  birdi,  pip,  the  Savior,  sngeb,  niiiw, 
women— and  there  wssevensu  order  of /ooJi.'— elephants,  thiilles,  niounaia*,  blood, 
wool,  ■  table — and  who  doei  not  know  that  "  Ifae  mmsI  hoaorablg  "  or  Engliih  Orden  at 
the  preieoldiy  mn  ihow  of  (hi  ialkiag  liA,  or  iaih!  uid  of  the  ^iter.'  The  cereoM)- 
nies  attending  iheM  csa  only  be  equalied  for  mammeriga  and  childish  pnerililiei  by  tba 
old  imeriudei,  as  those  of  "  The  Biihop  of  Fools  "  and  "  The  Abbnl  of  UnreaMm." 
Such  are  the  thinfi  ihst  dislingniih  "  the  priTilsged  ordera"  of  Earopo — thst  are 
deemed  asesasiy  to  mainlalD  "  the  Jifaitji  of  the  crown," — and  the  dtbaitmeia  of  Iha 
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There  wenu  bowerer  to  be  aama  aoMak*  rnapectinK  tbe  date  jnit  mea- 
tiooed,  which  ia  the  one  generally  osaigned;  for  in  the  ceoond  volnme  of 
Boyle'a  Work*  (b;  Shaw,  Lon.  1725)  are  detaila  of  espenmenta  on  boiling 
beef  &c.  "  in  ocrew'd  veuela  or  digsMora,"  in  ibe  beginning  of  the  year 
1679 — ihnc  "January  S9.  Eight  dava  ago  I  filt'd  a  screwM  ve  Mel  with 
beef  and  water  tt^ether,  and  when  it  had  continued  over  a  moderate  fire 
for  B  or  9  houra  in  btUneo  tuarim  [a  water  bath]  atopp'd  alao  with  a  screw, 
I  took  tbe  flesh  out,"  ftc.  "  Feb.  10.  I  boil'd  a  cow  heel  after  the  aame 
manner  aa  I  had  done  the  fleab  above  mention'd,  bnt  left  it  for  four  houra 
or  more  upon  a  moderate  fire ;  then  the  veasela  being  unetopp'd,  we  found 
the  fleth  exceedingly  well  boiled,  and  the  bonea  to  aoft  that  they  might  be 
eanlv  cut  with  a  knife  and  eaten."  "  Feb.  13.  I  repeated  the  experiment 
and  let  the  veaael  remain  exposed  to  tbe  fire  for  12  hours,"  Sec  -  -  -  -  - 
"  Hence  it  appears  that  many  bone*  and  hard  tendons,  which  we  daily 
throw  away  as  unprofitable,  may,  by  the  help  of  a  balnto  mari»  atopp'd 
w!th  a  screw,  be  canv«rled  into  gnod  nourishment."  pp.  SSO,  £51. 

Papin's  firat  digeatera  were  aa  liable  to  be  rent  aaunder  as  eolipilas 

f laced  on  a  fire  with  their  orifices  atopped.  They  are  fignred  in  detail  in 
'oliniere'a  Experitneei  de  Pkytiyne,  2d  ed.  Paris  171S.  Each  conaiated 
of  a  short  bnt  very  thick  tube,  of  bell-metal,  about  a  foot  in  length  and 
fire  inchea  in  diameter,  with  one  end  closed.  Tbe  open  end  bad  a  collar 
oast  on  it,  to  which  the  cap  or  cover  was  secured  by  clamps  and  a  screw. 
The  cover  end  end  of  tbe  tube  were  ground  together  ao  as  lo  fit  aii^tigbt, 
like  a  valve  to  its  seaL  A  few  bones  and  a  little  water  were  put  in,  and 
the  cover  screwed  down  ;  the  vessel  waa  then  laid  in  a  horizontal  position 
on  a  bed  of  charcoal  in  a  long  iron  grate.  The  almost  unavoidable  rup- 
ture of  theae  resaela,  led  Fapm  to  the  inveotion  of  tbe  lever  aafety-valve^ 
which  he  first  applied  to  them,  and  afterwarda  to  machines  for  t«ising 
water  by  ateam. 

Notwithatanding  tbe  practical  knowledge  of  the  propertiea  of  ateani 
acouired  by  the  employment  of  digeaten,  Papin  doea  not  appear  to  have 
baa  any  idea  of  uaiug  it  aa  a  mechanical  agent  till  some  yeara  afler.  His 
first  paper  on  the  subject  of  raiaing  water  ia  dated  July,  1685,  (Phil.  Trana. 
vol.  XV,  page  1093;  Abridgment,  v<A.  i,  page  539)  enutled  "  A  New  Way 
of  Raising  Water,  enigmatically  proposed."  Three  different  at^ntiaBa 
were  sent  in,  after  which  he  explained.  The  device  waa  a  small  fountain, 
in  which  the  liquid  waa  raiaed  by  a  piston  bellowa  "  put  in  aome  secr^ 
.  place,  where  a  body  may  play  the  same."  The  application  of  tbe  device 
was  then  pointed  out,  viz.  to  draw  water  from  mines,  by  means  of  a  nnt- 
ning  stream  located  "  far  distant "  from  them  :  in  other  words,  to  tranamit 
power  to  a  conaiderable  distance  by  means  of  air. . 

His  plan  waa  tbia :  a  series  nf  air-tight  receivers  were  to  be  placed,  18 
feet  above  each  other,  in  the  shaft;  thehigbeaton  a  level  with  tbe  ground, 
and  the  lowest  12  feet  above  the  bottom  of  tbe  jnL  The  water  was  to  be 
tranaferred  by  tbe  pressure  of  tbe  atmon^ere  from  one  receiver  to  ano- 
ther,  till  it  waa  diaeliat^ed  above.  For  thia  purpose  a  pipe  extended  from 
the  water  to  the  bottom  of  tbe  lowest  vessel ;  another  pipe  from  the  lower 
lart  ofthia  to  tbe  next  one,  and  so  on  to  tbe  top;  and  to  prevent  the  water 
:rom  running  back,  the  upper  orifice  of  each  pipe  was  covered  by  a  valve. 
The  mode  by  which  be  alteniately  withdrew  air  from  and  admitted  it  into 
the  receivers,  constitutes  tbe  main  feature  of  the  plan.  The  npper  parts 
of  every  two  receivers  were  connected  by  branch  pipes  to  a  long  one  tb- 
tached  to  the  bottom  of  a  *eparaU  air-pump,  which  was  to  be  placed  near  ft 
water-wheel  impelled  bv  the  current ;  and  the  piston  was  to  be  worked  by 
a  crank  formed  on  the  Aa.^  of  the  wheel.     The  operation  of  two  pumps 
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uad  four  receiren  will  be  auffident  for  the  pnrpoie  of  iUmtraiion.  Tho 
pump  cylinders  were  open  at  the  top.  They  bkd  no  valves,  and  but  oiw 
small  opening  at  the  bottom  of  each  where  the  long  air-pipe  was  united ; 
and  the  capacity  of  each  cylinder  wa«  equal  to  that  of  two  receivers.  The 
cranks  were  so  arranged  that  as  one  piston  aacended  the  other  descended. 
It  wu  not  two  adjoining  receivers  tlMt  were  connected  to  the  same  pump, 
but  the  lowest  and  the  next  but  one  above  it,  i.  e.  Nos.  1  and  3,  while  to 
Noa.  S  and  4  the  pipe  of  the  other  pump  was  attached.  Then  as  the 
piston  of  the  first  mentioned  pump  was  raised,  the  air  in  Nos.  1  and  3 
would  be  rarefied  by  rushing  into  the  pump  cylinder,  and  water  would  be 
forced  into  them  by  the  atmosphere  :  in  the  mean  time  the  other  piston 
would  produce  a  partial  vacuum  in  Nos.  2  and  4,  and  they  would  become 
filled  with  the  liquid  contents  of  Nos.  1  and  3,  in  consequence  of  the  air 
previonsty  in  these  being  driven  back  by  the  descent  of  the  piston  ;  aa 
that  H  the  wheel  revolved,  water  would  constantly  be  entering  one  half 
of  the  receivers,  and  the  contents  of  the  other  half  be  discharging.  How 
tho  water  was  to  be  delivered  from  the  highest  receiver  Fapin  has  not 
informed  us— probably  through  an  orifice  covered  by  a  valve  opening 
outwards. 

This  project  was  ingenious,  but  of  no  practical  value ;  and  it  failed  even 
in  an  experiment.  In  consecj^uenca  of  the  extreme  elasticity  of  air,  a|id 
the  great  facility  witli  which  it  dilates  and  is  compressed,  little  or  no  effect 
was  produced  by  the  action  of  the  pumps.  When  a  piston  descended,  tha 
air  in  the  long  pipe  readily  yielded  to  its  impulse  without  imparting  any 
■very  sensible  compression  in  the  receivers ;  and  on  the  piston's  ascent,  the 
air  in  the  pipe  again  dilated  and  no  sufficient  rarefaction  took  place,  in 
eontoqnence  of  the  great  distaiice  of  the  receiver  from  the  exhausting' 
apiMratus. 

On  the  fulure  of  this  he  devised  another  plan.  Suppose,  for  example, 
diat  it  was  required  to  raise  water  out  of  amine,  and  that  there  wb«  no 
river  to  turn  a  wheel  to  work  the  pumps  nearer  than  a  mile.  Papin  pro- 
posed to  place  two  air-pump  cylinders  fitted  with  pistons  near  the  water- 
irbeel,  and  other  two  at  the  mouth  of  the  mine.  These  were  to  be  con- 
nected by  a  pipe.  The  action  of  the  pistons  moved  by  the  wheel  was  to 
eontprett  the  air  in  the  cylinders,  and  in  the  pipe  throughout  its  whole 
length,  under  the  idea  that  when  the  pistons  at  one  end  of  the  pipe  were 
depressed,  those  at  the  other  would,  by  the  communication  of  pressure, 
be  elevated ;  but  although  the  pistons  moved  by  the  water-wheel  con- 
densed the  air,  those  at  the  mmo  stood  still.  The  same  cause  that  led 
Papin  to  abandon  the  first  device,  also  rendered  this  one  useless.  If  air 
were  incompressible,  the  plan  would  have  answered :  had  he  employed 
voter  instead  of  air,  the  machine  would  have  performed.  Nothing  daunted 
however,  he  ttied  again  in  1686,  and  with  a  somewhat  similar  E^parutus, 
but  one  whose  action  depended  upon  the  rarefactwn  of  air.  Two  large 
air  cylinders,  open  at  Cop,  were  placed  a  short  distance  apart  at  the  mouth 
of  the  mine,  and  directly  over  them  a  cylindrical  shaft  or  axle,  supported 
on  journals  at  each  end.  Instead  of  rods  being  attached  to  the  pistons,  a 
strong  rope  was  fastened  to  the  centre  of  each,  and  coiled  three  or  four 
times  round  the  axle  in  opposite  directions,  and  fastened  to  it.  Between 
the  cyUnders  a  large  drum  or  wheel  was  fixed  upon  the  axle,  having  a 
long  rope  wound  round  it,  and  the  two  ends  (of  the  rope)  suspended  from 
opposite  sides  reached  half  way  down  the  mine.  To  these  ends  two  large 
buckets  were  attached,  in  which  to  raise  the  water.  As  the,drum  turned 
first  one  way  and  then  the  other,  one  bucket  would  be  raised  and  the  other 
lowered,  like  two  buckets  suspended  over  a  pulley  in  a  well.    Thedesiga 
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of  tbe  air  ^luden  xrms  therafore  to  iDi|Mrt  m  alternate  movemsnt  to  tha 
ftxlo  and  cfrum,  and  cooMqaendy  to  tlie  bucketi,  hy  the  dttetnl  of  the 
pittous.  (The  power  that  forced  these  down  waa  ihe  preaaure  of  the  at- 
mosphere, and  uie  manner  of  exciting  it  will  preoently  oe  noticed.)  Hence 
u  one  piston  deacended,  the  rope  secured  to  it  necesuuily  drew  round 
the  axle,  and  rused  the  other;  and  when  thia  one  in  ita  turn  waa  forced 
down,  the  moTement  was  reversed  and  the  first  one  raised. 

A  communication  was  made  between  the  under  side  of  the  two  cjlindera 
by  a  pipe,  and  to  this  another  ]ong  one  was  attached  at  right  angles.  Thia 
last  pipe  was  to  be  of  such  a  length  as  to  reach  to  the  place  where  an 
under  or  overshot  wheel  could  be  applied  to  work  two  air-pumps.  These 
were  to  be  furnished  with  valves  and  suckers  like  common  sucking  pumps, 
and  to  the  lower  part  of  each  the  exhausting  pipe  was  to  be  connected  by 
a  branch.  These  pumps  would  therefore  draw  ue  ur  out  of  the  cylinders 
at  the  mine,  and  consequently  cause  the  pistons  in  them  to  descend.  For 
this  purpose,  however,  some  device  for  alternately  opening  and  closing 
the  communication  of  each  cylinder  with  the  exhausting  pipe  was  required; 
because  If  a  vacuum  were  made  in  both  cylinders  at  the  same  time,  the 
pressure  of  the  atmosphere  on  both  pistona  would  be  the  aame,  and  neither 
of  them  would  move.  To  avoid  this,  Papin  introduced  at  the  intersection 
of  the  exhansUng  pipe  with  the  one  that  connected  the  cylinders,  a  fovr- 
way  cock- — threeof  its  paasa^s  being  joined  to  the  three  branobei  formed 
bv  the  interaection  of  the  pipes,  while  tho  fourth  one  opened  to  the  air. 
Thus,  supposing  the  ptunps  to  be  constantly  at  work,  and  the  plug  of  the- 
cock  so  turned  that  the  air  in  one  cylinder  at  the  mine  might  be  drawn, 
out,  the  atmosphere  would  then  puih  down  &e  piston,  provided  the  ex~ 
temal  air  had  access  to  the  under  side  of  the  other  piston.  Thia  was  that 
which  the  fourth  passage  of  the  cock  was  designed  to  accomplish ;  foT- 
whenever  one  cylinder  was  in  communicsition  with  the  exhausting  pipe  the- 
other  was  in  communication  with  this  passage,  and  hence  by  turning  tho- 
cock  a  constant  reciprocating  motion  was  imparted  to  the  axle,  drum  and' 
buckets. 

A  pn^ject  something  ID^e  this,  Papin  thought,  might  be  applied  to  work, 
the  pumpa  of  the  great  machine  at  Marli,  (see  page  S96)--Uie  power  of 
the  waterV heels  00  the  Seine  bein^  tranimitted  by  air  initead  of  chains. 
&c.  The  device  is  creditable  to  his  ingenuity,  but  he  wu  doomed  tO' 
experience  further  disappointment;  for,  on  tnaJ,  the  air  was  so  slowlv 
drawn  from  the  cylinders,  and  the  difficulties  of  makine  the  pistons  wonk. 
air-tight  were  so  great,  that  no  practical  benefit  could  be  derived  by  its 
adoption.  He  enlarged  his  pumps  and  diminished  the  bore  of  the  pipei 
in  order  to  accelerate  the  movement  of  the  pistons,  but  without  success. 
Had  he  placed  a  close  veasel,  several  times  larger  than  his  cylinders,  in 
commuDiCBtion  with  the  farther  end  of  the  exhausting  pipe,  and  in  which 
a  constant  vacuum  was  maintained,  then,  on  turning  uie  cock,  the  air  in 
the  cylinder  would  have  rushed  into  thia  vessel,  and  the  piston  would  im- 
mediately begin  to  descend.  This  mode  of  transmitting  power  is  capable 
of  some  useful  applications.  See  an  account  of  a  proposed  pneumatic, 
rail-way  in  the  current  joumala  of  the  day. 

Although  these  attempts  to  raise  water  and  transmit  power  by  mean* 
of  air  were  unanccessful,  they  bi«  interesting  for  the  ingenuity  displayed, 
and  also  because  their  failure  led  Fapin  to  the  employment  of  other  agents. 
Having  been  invited  by  the  Landgrave  of  Heiae  to  accept  the  professor- 
ship of  mathematics  in  the  university  of  Marpurg,  in  Germany,  he  left 
Bngland  in  1687 ;  but  shortly  before  his  departure,  be  exhibited  to  the 
Royal  Society  some  experimenta  on  the  application  of  gunpowder  to  pro- 
57 
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dac«  a  Tacuam.  H!s  app«ntai  connited  of  a  bidbII  cylioder,  in  which  ■ 
piaton  like  that  of  a  coDunoa  pump-aucker  (via.  with  an  aperture  covered 
by  a  valve)  waa  fitted  to  move.  The  bottom  of  the  cylicder  was  cloaed, 
and  when  the  piston  waa  near  the  top  he  e^rploded  a  amall  charge  of 
powder  below  it,  with  the  hope  that  the  audden  blast  of  Bame  would  expel 
all  the  air  through  the  vaWe,  which  instantly  closing  would  prereot  iu 
return.  A  vacuum  beinz  thus  formed,  the  pressure  of  the  atmosphere 
would  be  excited  and  might  be  used  as  a  source  of  power.  He  could 
not  however  succeed  in  driving  out  all  the  air  by  the  esplosion,  and 
the  pressure  on  the  piston,  (sscerCained  by  attaching  weights  to  a  rope 


passed  over  a  pulley  and  connected  10  the  piston  rod)  instead  of  being 
13  or  14  pounds  on  toe  square  inch,  seldom  exceaded  six  or  seven.  He 
published  an  account  cf  these  experimenu  the  following  year  in  the  Acl» 


Sntt^tomm,  a  journal  published  at  Leipsic,  and  which  waa  to  Germany  what 
the  Joamal  des  Savana  was  to  France  and  the  Fhiloaophical  Transactions 
to  England.     It  was  commenced  in  1682,  and  both  the  latter  in  1665. 

In  1690,  Papin,  unable  to  obtain  a  sufficient  vacuum  with  gunpowder, 
turned  his  attention  to  steam.  In  one  of  his  first  essays  he  raised  the 
piston  by  its  expansive  force  i  and  then  allowing  it  time  to  cool  and  return 
to  its  former  bulk  as  a  liquid,  the  pressure  of  the  air  forced  the  piston  back. 
His  cylinder  waa  2^  inches  diameter,  and  closed  at  the  bottom.  A  amall 
quantity  of  water  was  introduced  through  a  hole  in  the  piston,  which  was 
pushed  down  to  exclude  the  air  below  it,  and  the  hole  Uien  stopped  by  a 
plus.  A  hraaier  of  burning  coals  was  now  applied  to  the  bottom  of  tbe 
cylinder,  and  the  piston  consequently  raised  by  the  accumulating  vapor. 
When  the  piston  reached  nearly  to  tbe  top  of  toe  cylinder,  it  was  retained 
there  by  a  latch  slipped  into  a  notch  in  the  piston  rod  :  the  fire  was  now 
removed,  and  the  steam  quickly  condensed  by  the  lower  temperature  of 
the  surrounding  air ;  the  latch  was  removed,  and  the  atmosphere  pressed 
'the  piaton  down  and  raised  a  load  of  60  pounds,  which  was  attached  by  a 
<rope  and  pulley  to  the  piston  rod,  being  an  effective  force  of  12^  pounds 
upon  every  square  inch  on  the  upper  surface  of  the  piston.*  A  device  of 
;tbia  kind  Papin  thought  was  applicable  to  draw,water  from  mines,  and  to 
-row  boats  against  wind  and  tide. 

It  does  not  appear  that  Papin  made  any  essential  improvement  on  the 
.apparatus  during  tbe  four  following  years;  for  when  be  published  his 
"  Recueil  des  diverse  Pieces  touchant  quelques  NouvelleB  Machines,  eC 
«utresSujeUPhilosapbiquea,parM.  D.  Papin, Dr.enM^d.  ACaset,  1695," 
.he  still  contemplated  generating  the  steam  in  the  cylinders ;  and  at  ever^ 
'Stroke  these  were  either  moved  from  the  fire,  or  the  fire  from  them.  It  is 
•astonishing  that  tbe  idea  of  a  fixed  and  separate  boiler  did  not  occur  to  him. 
jHis  plan  was  never  tried  except  as  an  experiment ;  and  he  subsequently 
■abandoned  the  use  of  cylinders  and  pistons,  and  applied  steam  to  raise 
water  on  the  plan  of  Worcester's  SSth  propowtion.  This  was  unfortunate 
for  his  fame ;  for  in  his  experiments  with  the  piston  and  cylinder  be  was 
in  possession  of  every  principle  of  the  low-pressure  steam-engine,  and  had 
he  followed  up  the  device  be  would  have  borne  off  tbe  palm  from  all  his 
contemporaries.  Even  the  high-pressure  engine,  and  all  the  glory  of  its 
•developniBnt,  was  then  within  bis  reach ;  but  he  was  no  practical  me- 
.ehanid,  and  hia  thoughts  became  diverted  into  other  channels.    One  of  tbfl 

■  It  is  imponiblB  to  conlamplste  the  variont  attempti  of  Papin  lo  inova  a  piston  bv 
■  ttmeifitrU  fnmn,  withoul  oolicing  ihe  analog]'  batwoan  hi*  eontrinoMi  and  that  of 
.Guarricke,  and  without  thinking  that  Ifae  appanuia  of  ^is  philosopfaar  was  iintui 
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moflt  pleuing  ntd  honorable  circiimatanc«s  connected  with  the  history  of 
Papiti'i  labora,  is  the  candid  admiuion  of  lever&l  Eaglish  writera  of  hi* 
great  roerita,  and  their  nnerouily  expreuing  regret  that  hia  attention 
ihonid  have  been  diverted  when  he  waa  so  near  reitizing  tlie  most  splen- 
did reward.  Hia  name  ii  however  inseparably  connected  with  the  steam- 
engine,  and  aa  long  as  the  aafety-valve  tnall  be  used  the  world  will  be  his 
debtor. 

It  should  not  however  be  suppoaed  that  safety-valves  were  wholly  un- 
known before  Papin'i  time ;  on  the  contrary,  they  were  frequently  used, 
although  this  (act  has  not  been  noticed  by  any  writer  on  the  steam- 
engine.  The  liability  of  stills  and  retorts  to  be  rent  asunder  led  old  che- 
miat*  to  apply  plugs  to  openings  in  those  vessels,  tliat  the  vapor  might 
miae  or  dnve  them  out  and  escape  ere  its  tension  e^cceeded  the  strength 
of  the  vessels :  such  were  the  plugs  in  ancient  steam  deities,  see  page  399. 
In  some  old  works  on  distilling,  conical  plugs  or  valves  are  shown  as  fitted 
into  cavities  on  the  tops  of  boilers,  and  in  rome  cases  they  were  loaded. 
In  the  "  Mai*on  Ruitiyite  de  Maistres  Charles  Estienne  et  Jean  Liebault, 
Docieurs  en  Medecine,"  Paris,  1574,  folio  196,  197,  are  figures  of  two 
dote  boilers  in  which  the  distilling  vessels  were  heated :  one  formed  a, 
water,  the  other  a  vapor  bath.  On  the  tap  of  each  !a  a  conical  valve  open- 
ing upwards.  These  served  both  to  let  out  the  superflnous  steam  and  (o 
introduce  wMer.  Glauber,  who  contributed  several  valuable  additions  to 
the  mechanical  department  of  chemistry,  has  figured  and  described,  in  bis 
Treatise  on  Philoaophical  Furnace*,  the  modes  by  which  he  prevented 
glass  retorts  or  stills  from  being  burst  by  [he  vapor,  A  long  stopple  or 
conical  valve  was  fitted,  to  the  neck  of  each,  being  ground  air-tight  to  it* 
•eat,  and  loaded  with  a  "  cap  of  lead,"  so  that  when  the  steam  became  too 
"  high  "  it  slightly  raised  the  valve  and  a  portion  escaped  j  the  valve  then 
closed  agun  of  itaelf,  "  being  pressed  down  with  the  leaden  cap  and  so 
atopt  close."  (English  Translation,  Lond.  1691,  p.  S06.]  The  valve  on 
Newcomen's  first  engine  was  of  this  description.  In  the  same  work  Glau- 
ber deaeribea  the  most  philosophical  of  all  safety-valves,  vix.  a  column  of 
mercury  enclosed  in  a  bent  tube  which  communicates  with  the  boiler  or 
■till,  somewhat  like  the  modem  mercurial  gauge.  He  alao  describes  that 
beautiful  raodtfication  of  it  known  among  chemists  as  the  water  lute,  or 
quicksilver  lute ;  that  is,  around  the  mouth  or  neck  of  a  vessel  a  deep 
cavity  is  formed  and  partly  filled  with  water  or  mercury,  a*  the  case  may 
be.  A  cylindrical  vessel,  open  at  top  and  closed  at  bottom,  forms  the 
cover;  it  ia  inverted,  the  open  end  being  placed  in  the  cavity  and  dipping 
aa  &r  into  the  Kquid  as  the  internal  pressure  may  require.  In  "  The  Art 
of  Distillation,  or  a  Treatise  of  the  cnoisest  Spagyrical  Experiments,"  &c. 
by  John  French,  Doctor  of  Physic,  Lond.  16fll,  the  author  describes  the 
same  devices  for  preventing  the  explosion  of  vessels  as  those  mentioned 
by  Glauber.  Speaking  of  the  action  of  such  safety-valves  he  observes, 
(page  7)  "  upon  the  top  of  a  stopple  [valve]  there  may  be  fastened  some 
lead,  that  if  the  spirit  be  too  strong,  it  will  only  bcave  up  the  stopple  and 
let  it  fall  down  again."  Papin's  claim  therefore  is  not  to  tie  valve  itself, 
but  to  it*  improvement,  or  rather  to  the  mode  of  applying  it  by  means  of 
a  lever  and  moveable  weight ;  thereby  not  only  preventing  the  valve  from 
being  blown  entirely  out  of  its  place,  out  regulating  the  pressure  at  will, 
and  rendering  the  device  of  universal  application. 

It  was  not  till  some  years  after  Savery  had  introduced  his  steam  machine 
that  Papin  proposed  the  following  one,  which  he  announced  in  a  work 
entitled  "  Noavelle  mani^re  pour  lever  I'ean  par  la  force  du  feu,  mise  en 
iiimi^ra,  par  H  D.  Papin,  Doctenr  en  Med.  ProC  en  Math^m.  a  CaMi, 
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1707."     It  is  Inserted  here  out  of  clironologlcal  order,  to  keep  diis  notica 
of  his  labor*  unbroken. 


A  copper  boiler,  A,  is  set  in  brick  woik  and  Annisbed  with  a  safety- 
valve,  B,  whose  lever  is  loaded  with  the  weight  C.  The  steam  pipe  aod 
cock  D  conoect  the  boiler  with  the  receiving  cylinder  F.  A  boUow  float 
or  piston  is  nuule  to  move  easily  in  F,  to  prevent  the  steam  from  coming 
in  cont&ct  with  the  water.  A  cavity  is  made  in  this  fioal  {or  the  receptioa 
of  an  iron  heater,  Z,  designed  to  keep  up  the  temperature  of  the  steam  ' 
when  the  latter  is  admitted  into  F.  The  heater  is  admitted  through  the 
openiog  on  the  top  of  F,  which  is  closed  by  the  valve  G.  2,  a  funnel 
torongh  which  the  water  to  be  raised  is  introduced,  which  is  kept  from  re- 
turning by  closing  the  cock  or  valve  H.  The  lower  part  of  F  is  connected 
with  the  rising  main  K  by  a  curved  and  tapered  tube.  The  pipe  K  ter- 
minates in  a  reservoir  or  air  chamber,  whence  the  WBt«r  i*  discharged  by 
the  pipe  O  upon  an  overshot  wheel,  or  conveyed  to  the  place  where  it  may 
be  required.  If  the  receiver  be  charged  from  below,  a  suction  rape  (im- 
perfectly represented  by  the  pipe  I)  wm  continued  to  it  from  tnc  under 
side  of  the  curved  pipe.  The  steam  flowing  through  the  pipe  D  presses 
down  the  piston,  and  the  water  beneath  it  is  forced  up  the  pipe  K,  (the 
valve  at  the  lower  part  of  K  preventing  its  return.)  When  loe  piston  haa 
reached  the  bottom  of  F,  the  cock  D  is  shut  and  the  one  narked  E  is 
opened.  H  is  then  opened,  and  the  water  rushes  in  and  drives  up  the 
piston  as  before,  when  the  operation  is  repeated.  Water  was  raised  by 
one  of  these  machines  to  an  elevation  of  70  feet,  whence  it  descended  and 
formed  a  jet  d'eau  in  the  court  of  the  Hessian  Academv  of  Arts. 

Belidor  inserted  a  figure  and  description  of  this  moMuiw  in  the  secMid 
volume  of  his  Architecture  Hydroulique,  p.  32S. 
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CHAPTER    VIII. 


I  m  tarBni->Ac«a«l  at  thvB  bf  DHkfitnn  Bid  fivltxv — flufirj^  irM  «ajri>« — !<■ 


Both  pliiloiophera  and  nMcfaanica  were  eigwed  in  experunentB  on  air 
and'M«un  macninea  about  the  imme  time  aa  Fapin.  Of  thete,  Savery, 
Amontoitt,  Neweomen  and  Cawlcy  were  tbe  mort  anccewfoL  The  two 
^Uat  named  have  not  ^nendlj  been  eonaideivd  ao  earlv  in  the  field  ;  fau^ 
"from  ao  obaervation  of  Switser,  auch  appean  to  have  oeen  the  caae.  Aa 
weekly  and  monthly  '  Journala  of  Arta  and  '  Hechanica'  Hagazinea '  had 
not  then  been  introduced,  thote  who  were  diapoced  to  Gonnnunicate  their 
diaoo*«riea  to  tho  public  had  no  appropriate  mediora  for  doing  ao,  except 
by  t  leparata  publication,  and  thia  mode  but  an  exceedingly  amall  number 
of  inventora  ever  adopted :  hence  it  ia  that  not  only  the  date*  of  aeveral 
modem  invenliona  are  uncertain,  but  numeroua  devicea  and  valuable 


floatinr  thonghta  have,  widi  their  authors,  been  conatantly  raaaing  into 
utter  oDiivion.  The  hiatoty  of  ateam  as  a  mechanical  agent  anorda  aignal 
proofs  of  the  advantagea  ofinventors  recording  their  ideas :  thus  the  name 
of  Oecaua  had  long  been  forgotten,  when  an  old  tract  of  his  was  disco- 
vered containine  the  device  we  h&va  figured  at  page  410.  This  he  pro- 
bably considered  the  most  trifling  thing  in  his  book,  yet  on  account  of  it 
a  place  has  been  claimed  for  him  among  the  immortal  author*  of  the  steam- 
engine.  Horeland,  'of  whose  spewing  trumpet  an  account  was  inserted 
in  the  six'Ji  volume  of  the  Philosophical  Transactions,  and  hia  ideas  of  the. 
pownr  required  to  force  waCer  to  oifierent  elevations  in  the  ninth,  omitted 
to  publish  through  the  same  or  any  other  medium  a  description  of  hii 
steam-engine ;  and  by  this  neglect  has  lost  a  lai^  portion  of  honor  that 
might  have  been  attached  to  his  name.  The  same  may  be  said  ofQaray, 
Kamaeye  and  Worcester.  Savery,  however,  knew  belter,  for  he  laid  hia 
maobine  before  the  Royal  Society  and  got  it  noticed  in  their  Transactions  j 
and  when  he  had  subsequently  improved  it,  he  published  a  aeparate  ac- 
count with  illustrations;  in  oonsequence  of  which  he  has  sometimes  been 
considered  the  author  aa  well  aa  deicnber  of  the  first  working  ateam* 
engine.  ^  •  ] 

Of  Saver's  personal  history,  leas  haa  transpraMian  of  eirher  More- 
land's  or  Worcester's.  He  evidently  was  a  man  of^reat  energy,  who 
raised  himself  from  obscuKty  by  his  talents — a  self^^oe  man.  According 
to  a  tradition  he  commenced  life  as  a  working  miner,  and  in  process  of  time 
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became  an  engineer  and  thui  acquired  the  tide  of  CapUa*,  a^eably  to 
a  custom  which  is  i^d  atitl  to  prevail  among  the  CorniBh  miners.  He 
aeemi  to  have  acquired  a  competence,  if  not  wealth,  previoui  to  the  cora- 
menceroent  of  his  experimeou  on  steam,  and  we  shall  find  that  he  waa  as 
indepenilent  in  bis  spirit  as  in  his  purse.  Switser,  who  was  intimately 
accf uninted  with  him,  says  he  was  a  member  of  the  board  of  commiasioners 
fur  the  tick  and  wounded  ;  but  this  was  probably  in  the  latter  part  of  hia 
life,  and  subsequent  to  the  introduction  of  his  steam  machines. 

The  fir*t  invenuon  of  Savery  that  we  meet  with  is  in  a  pamphlet  pub- 
lished by  him  in  1698,  on  the  propulsion  of  ahipi  in  a  calm.  His  plan 
consisted  of  paddle-wheels  to  be  worked  by  the  crew.  In  the  first  editioa 
of  Harris's  Lexicon  Technicum,  A.  D.  1704,  there  is  a  description,  and  in 
the  second,  1710,  a  figure  of  Savery's  "  engine  for  rowing  ships,"  A 
horizontal  shaft  passes  through  the  vessel  between  decks,  and  to  each  end 
a  paddle-wheel  is  attached.  On  the  middle  of  the  shaA  is  a  pinion  or 
trundle  wheel,  and  underneath  a  capstan  upon  which  a  co^  wheel  is  fixed, 
whose  teeth  are  made  to  work  between  those  of  the  pinion.  A  bomber 
of  bars  are  arranged  in  the  capstan,  and  the  crew  were  to  apply  their 
strength  to  these  as  in  raising  an  anchor.  As  the  officers  of  the  admiralty 
after  examination  declined  to  adopt  it,  Savery  tells  them  he  had  two  other 
important  inventions,  which  he  would  not  disclose  unul  they  did  him  jus- 
lice  in  this  !  He  even  held  up  hia  opponents  to  ridicule.  On  the  Surveyor 
of  the  Navy,  who  reported  against  the  adoption  of  hia  plan  as  one  neitoer 
new  nor  useful,  he  Wat  very  severe.  At  tnat  time  large  wigs  were  cchb- 
monly  worn,  and  Savery  gav«  a  smart  rap  on  that  which  covered  the^ 
head  of  his  official  adversary.  "  It  is  [he  observed]  aa  common  for  lies^f 
and  nonsense  to  be  disguised  by  a  jingle  of  words,  as  for  a  blockhead  to  b« 
hid  by  abundance  of  peruke."  Had  Savery  been  of  a  timid  dispoution, 
we  should  probably  never  have  heard  of  him.  After  enduring  one  or 
two  rebuffs  in  attempting  to  introduce  his  inventions,  he  would  have  re- 
tired and  sunk  unknown  into  the  grave,  like  thousands  of  inventors  before 
him. 

Of  the  few  incidents  preserved  respecting  his  private  life,  there  are  two 
from  which  it  seems  that  he  loved  a  glass  of  good  wine,  and  a  pipe  of  to- 
bacco ;  and  that,  to  obtain  them,  he  was  in  the  habit  of  visiting  a  tavera. 
Let  not  those  who  eschew  such  things  complain  of  ua  for  unnecessarily 
mentioning  them,  for  Savery's  first  expenmentson  steam  were  made  in  a 
bar-room,  with  a  wine  flask  and  a  tobacco  pipe.  At  such  a  place  and  with 
such  implements  he  is  said  to  have  become  acquainted  with  the  principles 
of  his  famous  machine.  The  oircumstance  has  not  been  commonly  known, 
.  or  some  scientific  Boniface  would,  long  ere  now,  have  adopted  Savery's 
head  for  a  tign  ;  and  artists  would  have  made  him,  in  the  act  of  experi- 
menting, the  subject  of  a  picture.  There  is  a  rich  but  neslected  field  for 
historical  punters  in  the  facts  and  incidents  connected  with  the  origin  and 
development  of  useful  mechanism. 

According  to  Desoguliers,  Savery  declared  that  he  found  out  the  power 
of  Bteum  by  chance,  and  in  the  following  manner ;  "  Having  drank  a  flask 
of  Florence  [wine]  at  a  tavern,  and  thrown  the  empty  flask  upon  the  fire, 
ha  cail'd  for  a  baaon  of  water  to  wash  his  hands,  and  perceiving  that  the 
little  wine  let^  in  the  flask  had  filled  up  the  flask  with  steam,  he  took  the 
flask  by  the  neck  and'plunged  the  mouth  of  it  under  the  surface  of  die 
water  in  the  bason ;  Hhd  the  water  of  the  bason  was  immediately  driven 
npintothefiask  }ty,tlu  preuurt  <f  tAe  air."*    This  iUustration  of  the  ascent 

>  Eipar.  Philowphy,  sdilion  of  1744,  iti.  u,  page  40S. 
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of  water  into  a  reMel  from  which  th«  air  had  been  expelled  by  steam,  waa 
of  courae  not  new  in  Savery's  time,  although  it  appears  to  have  been  so 
to  him.  Switser  nres  a  diSereDL  aceounL  "  The  first  hint  from  which 
it  is  Mtid  he  took  this  engine  was  from  a  tobacco  pipe,  which  he  itnmers'd 
to  waah  or  cool  it,  as  is  sometiaiei  done :  be  discover'd  by  the  rarefaction 
of  the  air  in  the  tube,  by  the  heat  or  steain  of  the  water  and  the  gravitation 
or  impulse  of  the  exienor  air,  that  the  water  wag  made  to  spring  through 
the  tUM  of  the  pipe  in  a  wonderful  surprising  manner."*  It  was  an  old 
practice  of  veteran  amokers,  when  their  (ctay)  pipes  became  blackened 
through  use,  and  more  psTticularly  when  choked  or  furred  up,  to  place 
them  m  a  bright  fire  till  they  became  red  hot,  then  to  remove  and  allow 
them  to  cool.  By  this  operation  they  were  whitened  and  purified  like  the 
incombustible  cloth  of  the  ancients,  which  was  cleansed  in  the  aama  way. 
But  frequently  when  taken  from  the  fire  the  mouths  of  the  pipes  were 
plunged  slowly  into  water ',  steam  was  thus  formed,  and  rushmg  ihrou^ 
the  tubes,  waa  sometimes  preceded,  often  accompanied,  and  sometimes 
followed  by  jets  of  water.  There  are  however  different  causes,  and  far 
from  obvious  ones,  for  the  liquid  issuing  through  tobsicco  pipes  under  saoh 
ciKumatances,  ao  that  it  is  difficult  to  perceive  what  inference  Savery  drew 
from  the  experiment. 

But  whatever  may  have  led  Savery  to  the  subject  of  steam,  he  had  so 
&r  matured  his  ideas  respecting  its  application  to  raise  water  as  to  erect 
several  engines,  and  to  secnre  a 
patent  as  early  as  1698.  In  June 
of  the  following  year  he  submitted 
a  working  model  to  the  Royal  So- 
cio^, and  made  successful  experi- 
ments with  it  at  the  same  time,  A 
figure  of  this  engine  was  published 
in  the  TraniactionB  of  that  year,  and 
nay  also  be  found  in  the  first  volume 
of  Lowthorp's  Abridgment  No. 
193  is  a  copy.  It  consisted  of  a 
close  boiler,  B,  set  in  a  brick  furnace 
A,  and  two  receiver*  D  D  support- 
ed  on  a  stand,  and  made  t^  strong 


well,  or  other  place  whence  water 
is  to  be  raised,  (which  may  be  about 
£4  feet  below  S  D)  and  whose  up- 
per part,  divided  into  two  branches, 
communicates  with  the  top  of  the 
receivers.  Each  branch  is  furnished 
with  a  valve  at  £  E,  opening  up 
wards,  to  prevent  the  water  from 
Jl«.i»  ■sTMT^PiiaEHiH  A.  a  INK  returning  when  once  raised.  The 
lower  part  of  the  forcing  pipe  G  has 


also  two  branches,FF,  which  commnnicate  with  the  hotlom  of  the  receivers, 
and  these  branches  have  also  valves,  K  E,  like  the  others  opening  upwards. 
Each  receiver  has  a  communication  with  the  upper  part  of  the  bailer  by 
steam  pipes  and  cocks  C  C. 

The  operation  was  as  follows:— The  boiler  wm  two  thirds  filled  with 

•  Hydroaiaiies,  adiOon  of  17A  pog*  3^ 
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water,  ■  fira  madft  under  k  and  the  BtMm  raifed.  One  of  the  cocks  was 
then  opened,  and  the  steam  paaaing  through  filled  the  receiver  by  driving 
the  air  previously  within  it  into  the  forrang  pipe :  the  cock  wa*  then  closed, 
and  the  steam  within  the  receiver  soon  became  condensed  by  the  cold  air 
in  contact  with  its  exterior  sur&ce,  or  by  pouring  cold  water  upon  it ; 
hence  a  vacuum  waa  produced  within,  and  consequently  the  water  in  which 
the  lower  end  of  the  suction  pipe  was  immersed  waa  driven  up  by'ihe 
pressnre  of  the  atmosphere  so  as  to  fill  the  void.  When  this  had  taken 
place  the  same  cock  was  agvin  opened,  and  the  steam  rushing  in  nrged  fay 
Its  expansive  force  the  contents  of  the  receiver  up  the  forcing  pipe.  In 
this  inanner  water  was  alternately  raised  into  and  expelled  from  both 

As  a  practical  miner,  and  consequently  conversant  with  the  subject  of 
raising  water  on  a  Urge  scale.  Savory  was  better  qualified  to  carry  his 
views  into  operation  than  r  mere  philosopher.  His  first  essay  in  employing 
■team  was  a  proof  of  this.  "I  have  heard  him  say  myself  [observesSwitzer] 
that  the  very  first  time  he  play'd,  it  was  in  a  potter's  house  at  Lambeth, 
where  the'  it  whs  a  small  engine,  yet  it  [the  water]  forc'd  its  way  tbroHgh 
dte  roof.and  struck  np  the  tiles  in  a  manner  that  anrpiis'd  all  the  speetuor^" 
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Sometimes  Sarery  employed  but  one  receiver.  No.  194  represents  an 
engine  of  this  kind,  erected  by  him  at  Kenungton.  A  descnpUon  of  it 
was  first  published  by  Mr.  Bradley  in  his"  New  Improvements  of  Planting 
and  Gardening."  It  is  also  figured  and  described  by  Switier,  who  exa- 
mined  it  and  thought  it "  the  pTsineat  and  best  proportion'd  of  any  "  he  had 
seen.  Its  effects  were  considered  proportionally  greater  than  Qiose  with 
two  receivers.  C,  a  spherical  boiler  of  the  capacity  of  fortj?  gallons,  and 
charged  through  the  tunnel.  B,  the  receiver,  which  held  thirteen  gallon* 
A,  the  suction  pipe,  uxteen  feet  long  and  three  inches  bore.  D,  the  farc- 
ing pipe,  of  the  same  bore  and  forty  two  feet  long.  A  valve  opening 
upwards  was  placed  in  A,  and  another  at  the  lower  part  of  D,  at  H.  E, 
the  steam  pifie,  an  inch  in  diameter.  O,  a  sliding  valve  or  cock,  furnished 
with  a  lever  handle.     F,  a  cock  in  the  forcing  pipe,  to  admit  cold  w^er 
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to  flov  npon  the  TMmTor,  A  pipe  «ttadMd  to  di«  tomol  dMceodad  iMo 
the  botl«ruid  Mrved  tba  pnrpoM  of  »  gaoM  cock. 

The  opendoB  will  be  undemoodfiomUedMcriptioiiof  figurBNo.193. 
By  tuniiiig  the  handle  of  Q  iteun  ia  adtnittsd  into  S,  and  u  toon  u  the 
air  ia  expelled  from  the  Utter,  G  is  closed  and  F  opened ;  the  aflunon  of 
oold  water  (tee  the  figure)  quickly  condensea  the  contained  rapor,  and 
benee  dw  receiver  become*  charged  with  water  by  the  preaaure  of  the 
attooaphere  throagh  the  anotioa  pipe.  A.  F  is  then  ahut  and  G-  oaened, 
when  the  ateam  issuing  from  the  boiler  displaces  the  water  irom  me  re- 
ceiver, and  having  no  other  way  to  escape  the  liquid  ia  driven  up  the  pipe 
D  into  the  reaervoir  prepared  to  receive  it.  Aa  aoon  aa  all  the  water  ia 
expelled  from  the  receiver,  (which  wa«  known  by  applgnug  the  hand  W 
the  lower  part,  for  it  would  be  hot)  G  ia  ahut  and  7  again  opened,  whra 
the  operadoD  ia  repeated  aa  before. 

"  When  thia  eneine  begina  to  work  [aayi  Switser]  yeu  may  raiae  four  of 
the  receivera  full  in  ooe  minute,  which  ia  fifty  two  gallons,  (less  the  quan- 
tities drawn  from  F  for  the  purposea  of  condenaadon] — ana  at  that  rate  in 
an  hour'a  time  may  be  flung  up  3120  gallona.  The  prime  cost  of  auch 
an  engine  is  about  fifly  pound,  aa  I  myaelf  have  had  it  from  the  ingenioas 
anthor'a  own  mouth,  it  must  be  noted  that  thia  engine  ia  but  a  anull  one, 
in  comparison  of  many  others  of  this  kind  that  are  made  for  coal-wotka ; 
but  this  is  sufficient  for  any  reasonable  binily,  and  ojiier  uaea  required  for 
it  in  watering  all  middling  eardena." 

Here  ia  no  provisiwi  made  to  repleniih  the  boiler  with  water  except 
through  the  tunnel:  hence  the  working  of  the  machine  had  to  be  atopped. 
and  the  steam  within  the  boiler  allowed  to  escape,  before  a  fresh  supply 
could  be  admitted.  Under  snch  circumstances  the  boilers  were  very 
liable  t&  become  injured  by  the  fire  when  the  water  became  low.  They 
were  also  exposed  to  destruction  from  another  caoae,  the  force  of  tlw 
steam ;  for  they  had  no  safety-valves  to  regulate  it,  and  hence  the  necesai^ 
of  the  following  instructions :  "  When  you  have  rais'd  water  enough,  and 
you  design  to  leave  off  workiog  the  engine,  take  away  all  the  fira  from 
under  the  boiler,  and  open  the  cock  [connected  to  the  tunnel]  to  let  out 
the  steam,  which  would  otherwise,  was  it  to  remain  confin'd,  perh^a 
btirH  the  engine." 

Savery,  from  his  profession,  was  aware  of  the  wont  of  an  improved 
mode  of  draining  nunes.  Theinfloeaee  of  the  useful  arts  in  enriching  a 
nation  was  then  beginning  to  be  understood.  A  stimulus  was  imparted  to 
manufactures,  and  Uie  demand  for  cool  and  the  ores  of  England  rapidly 
iDcreased,  As  a  necessary  consequence  the  depth  of  the  mines  increased 
also;  and  hence  proprietors  became  anxious  to  possess  some  device  for 
clearing  them  of  water,  and  by  which  the  old,  inefficient  and  exceasively 
expenaive  horae-gins  and  bucketa  might  be  diapensed  with.  The  cost  of 
drainage  was  so  great  in  some  mines,  that  their  produce  hardly  equalled 
the  coat  of  working  them ;  in  one  mine  five  hundred  horses  were  constantly 
employed.  Numerous  novel  projects  had  been  tried  and  abandoned: 
what  they  were  we  are  not  inforcoed,  but  aa  Ramseye  and  Worcester  and 
probably  others  had  proposed  Jlre  maehmei  for  the  purpose,  steam  had 
probably  been  tried  in  some  way  or  other  and  had  failed.  Having  greatly 
improved  bis  machine,  Savery  published  an  account  of  it,  illustrUed  with 
engravings,  in  a  pamphlet  entitled  The  Mater's  Friend  /  or  a  Descripdon 
of  an  Engine  for  Rusing  Water  by  Fire,  with  an  Answer  to  th^ObJecdons 
against  it.  London,  printed  for  S.  Crouch,  1702.  In  his  address  he  hern 
proprietors  not  to  let  the  failure  of  other  plans  prejudice  them  against  Ina 
triaiofhis.  "  Its  power  [he  obaervea]  lain  a  manner  infiuito  and  unlimited, 
68 
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and  will  dnw  yoa  water  500  or  a  1000  feet  h!g^,  were  any  pit  bo  deep. 
.....  I  dare  undertake  that  thig  engine  ahall  raise  you  ai  niuch  water 
for  eight-pence,  aa  will  coit  you  a  ^illinK  to  raise  the  like  with  yoar  old 
engines."  The  original  figures  in  the  Miner's  Frieod  were  inserted  in 
Harris's  Lexicon  Technicum,  in  1704,  and  copied  ioto  Switier's  Hydro- 
static* in  1729,  and  by  Desaruliers  in  his  Experimental  Piiitosophy  in  1744, 
(which  works  ara  before  as)  and  subsequendy  into  almost  evoiy  trealiae 
on  the  steam-engine.  No.  195  is  a  reduced  copy :  the  figure  of  the  fire- 
man is  an  addition. 
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A  detailed  description  of  this  elegant  apparatus  is  not  necessary,  since 
its  openmon  will  be  understood  from  the  explanation  of  the  two  preceding 
machines.  It  is  substantially  the  same  as  No.  193,  except  that  this  one 
has  tmo  boilers,  which  are  heated  by  separate  furnaces,  G  H.  The  addi 
tional  boiler  G  was  designed  merely  to  supply  the  other  with  hot  water, 
and  need  not  therefore  divert  the  attention  of  the  reader  in  realizing  the 
working  of  the  essential  parts.  The  upper  end  of  the  auction  pipe  shown 
at  the  mouth  of  the  pit  consists  of  two  branches,  which  are  connected  to 
similar  branches  on  tne  lower  part  of  the  forcing  pipe  N.  The  suctioa 
valves  are  at  B  A,  and  the  forcing  ones  at  E  ^  &11  opening  upwards. 
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Between  tbflM  Tklve*  two  short  curved  tnbei  connect  tlie  bottomi  of  die 
receiver!  I  M  with  the  bnuchea,  u  represented,  snd  two  other  b«Dt  tube*, 
P  Q,  unite  the  top  of  the  receivers  with  the  boiler  H.  On  the  top  of  ihie 
boiler,  and  forming  a  part  of  it,  is  a  stout  round  plate,  havine  two  openings 
of  the  same  size  as  the  bore  of  the  tabes  last  mentioned.  In  these  open- 
ings the  two  steam  tubes  P  Q.  tertninata.  Between  the  openings,  and 
on  the  under  side  of  the  plate,  ia  a  moveable  disk,  which  by  a  short  arm 
is  connected  to  an  axle  and  moved  by  the  long  lever  shown  on  the  lop  of 
the  boiler;  so  that  by  moving  this  lever  the  disk  can  be  made  to  close 
either  opening,  so  as  to  admit  or  exclude  steam  from  the  receivers,  and 
answering  every  purpose  of  a  three-way  cock.  It  is  made  somewhat  on 
the  plan  of  the  one  in  No.  189,  page  421.  The  face  of  the  disk  is  ground 
smooth,  so  as  to  fit  close  to  the  under  aide  of  the  plate,  against  which  it  is 
pressed  by  the  steam.  The  perpendicular  axle  by  which  ibe  disk  is  turned 
passes  through  the  plate,  and  the  opening  is  made  tight  by  a  stuffing  box. 
(The  plate  and  moveable  disk  are  represented  in  the  small  figure  at  the  top, 
one  of  the  openinn  being  covered  by  the  disk  and  the  other  exposed.) 
A  small  cistern,  U,  is  placed  over  the  receivers,  and  kept  supplied  with 
cold  water  from  the  forcing  pipe  by  means  of  a  ball  cock,  viz.  a  cock 
that  is  opened  and  shut  by  a  ball  floating  in  the  cistern.  From  the  bottom 
of  this  cistern  a  short  pipe,  T,  proceeds ;  and  to  it  is  connected,  by  a  swivel 
joint  or  stuffing  box,  another  one  at  right  angles.  This  pipe  furnishea 
water  to  condense  the  steam  in  die  receivers,  over  both  of  which  it  can  bo 
moved  by  the  rod  attached  to  the  plug  of  the  coclc  as  shown  in  the  figuro. 
The  upper  cistern  denotes  the  place  where  the  water  raised  by  the  engine 
is  to  be  discharged. 

A  communication  is  made  between  the  boilers  by  a  siphon  or  bent  tube, 
R,  whose  legs  extend  nearly  to  the  bottom  of  the  boilers.  In  the  leg 
within  the  small  boiler  is  a  valve  opening  upwards,  which  permits  the 
water  of  G  to  pass  into  H,  but  prevents  any  returning  from  the  Utter. 
When  the  attendant  wishes  to  inject  into  H  a  fresh  supply  of  Water,  he 
increases  the  little  fire  kept  up  under  the  boiler  O,  (which  is  always  kept 
supplied  with  water  by  the  pipe  S,)  and  as  soon  as  the  liquid  boils  and 
the  force  of  the  steam  exceeds  that  in  H,  the  contents  of  G,  both  steam 
•nd  hot  water,  are  forced  through  the  valve ;  and  thus  H  is  kept  supplied 
without  the  action  of  the  machine  being  stopped.  The  cock  on  the  pipe 
S  is  then  opened,  the  small  boiler  sgain  charged,  and  the  water  becomes 
gradually  heated ;  so  that  by  the  time  it  is  wanted  in  the  other  boiler,  a 
■mall  addition  to  the  fuel  quickly  raises  its  temperature,  and  it  ia  again 
forced  in  as  before. 

The  quantity  of  water  in  the  boilers  was  ascertained  'by  gaugt  eockt. 
""  '  '    it  the  top,  (see  figure)  and  pipes  soldered  to  them 

depths.  The  principal  boiler  had  two  of  these,  the 
other  but  one. 

The  general  arrangement  of  this  engine  and  the  adaptation  of  its  varioui 
parti  to  each  other  are  admirable,  and  could  hardly  be  improved.  The 
obviously  good  workmanship — the  improved  form  of  the  receivers— «nd 
the  connection  of  these  with  the  boilers  and  pipes,  and  the  latter  with  each 
other,  ijr  coupling  temot,  thus  securing  easy  access  to  the  valves — are 
highly  creditable  to  Savery  and  the  workmen  he  employed.  Every  part 
was  made  of  the  best  materials.  The  cocks,  coupling  screws,  regulator, 
valves,  and  all  the  pipes  immediately  connected  with  them,  wereof  hnss; 
while  the. boilers,  receivers  and  suction  pipes  were  of  "  the  best  hammered 
copper,  of  sufficient  thickness  to  sustain  the  force  of  the  working  engine  ; 
in  short,  [continues  the  inventor]  the  ea^ne  is  so  naturally  adapted  to 


These  were  inserted  at  the  top, 
descended  to  different 
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perfona  irhat  it  raqutred,  thit  even  tlma  of  the  moat  ordimiy  ud  a 
c&pacity  may  work  it  for  aome  ye»n  without  iiyury,  if  not  hired  or  em- 
ploy'd  by  lonie  baas  penon  or  purpoae  lo  deatroy  it ;" — that  is,  by  inat- 
tention  or  design  to  permit  ateam  to  accumulate  within  the  boiler*  tiU  thej 
were  bunt.-  Sonw  devioe  to  preTOnt  thia  waa  wantiiig,  viz.  a  aafety-valve 
or  aomediin^  analogous  to  it ;  and  it  ia  aatoniihiog  that  he  never  thousfat 
of  aufch  a  thing,  bnt  permitted  hia  machine  Ibr  la«k  of  it  to  (all  into  du»> 

The  miners  could  not  be  ioduoed  la  adopt  it,  in  oocaequence  of  th« 
danger  of  esplosioo.  "  Savery  [aaya  Desaguliars]  made  a  great  many 
experiments  to  bring  thia  machine  to  pefrfeccion,  and  did  erect  ■ereral, 
'  which  raised  water. very  well  for  gentlemen's  aeata,  but  could  not  succeed 
for  mine*,  or  supplying  towns  where  the  water  was  to  be  raised  very  A^i 
and  in  great  tjuantiiied ;  for  then  the  steam  required  being  boiled  up  to 
such  a  atrengoi,  as  to  be  ready  to  tear  all  the  vessels  to  pieoes.  ----*- 
I  have  known  Captain  Savery  at  York's  Buildings  make  steam  8  or  10 
Umes  Btronger  than  common  air|  and  then  its  heat  was  so  great,  that  it 
would  melt  common  solder,  and  its  strength  so  great  as  to  blow  opui 
several  of  the  joints  of  hia  machine ;  ao  that  he  was  forced  to  be  at  the 
pains  and  charge  to  have  all  hie  joints  soldered  with  speller  or  hard  solder." 
Ek.  Philos.  ii,  4«7. 

There  has  been  much  diseoasion  reapeedng  the  onpn  of  this  famous 
engine ;  some  writers  contendiinr  that  it  was  wholly  Savory's  own*  others 
that  he  derived  it  from  one  of  WoroeatK-'s,  or  from  the  Centuiy  of  lor 
venCions.  Desoguliers  asserts  that  Savery,  to  conceal  its  origin,  "  bought 
up  all  the  Marquis  of  Worcester's  books  Uiat  he  could  purchase  in  Pater- 
noster Row,  and  elsewhere,  and  boru'd  'em  is  the  presence  of  the  gentle- 
man hia  friend,  who  told  me  this."  But  as  Savery  denied  being  indebted 
to  any  one  for  it,  and  as  he  was  certainly  a  man  of  great  mechanical  genius, 
it  is  probable  that  the  doctor  was  imposed  upon  by  his  informant.  It  is 
not  likely  that  Savery  would  have  committed  such  an  act  in  the  presenc* 
of  a  witness,  when  there  was  not  only  no  necessity  for  one,  but  every 
possible  inducement  for  secrecy.  Many  years  before  the  publicatioD  of' 
this  charge  by  Desaguliers  (in  1744)  the  opinion  was  prevalent  that  the 
machine  was  not  original  with  Savery.  In  1729  Switzer  remarks,  "  others 
say  that  the  learned  Marquis  of  Worceater,  in  his  Century  of  Inventions, 
which  book  I  have  not  seen,  gave  the  first  hint  for  this  rauing  of  water." 
(Hvdr.  32A.)  Dr.  Button,  in  his  Math.  Dictionary,  asserts,  though  on  what 
authority  we  know  not,  that  Savery  knew  more  of  Moreland's  experiments 
thaa  he  was  wilting  to  acknowledge ;  and  Desa^uliers  maintains  that  he 
invented  the  story  of  the  experiment  with  the  wine  flask  "  to  make  people 
believe  that  he  had  not  got  the  idea  from  Woroeater'a  Centuiy  of 
Inventions." 

In  reply  to  the  above  it  may  be  remarked,  that  independendy  of  those 
coincidences  of  thought  that  always  have  and  will  happen  to  inventors, 
there  are  circumstances  which  sUvngly  corroborate  Savery's  own  account. 
In  the  first  place,  the  experiment  with  the  wine  flask  was  one  very  likely 
to  occur  in  the  manner  he  has  mentioned,  and  to  a  mind  like  his  wooU 
naturally  lead  to  a  practical  application  of  iL  His  thoughts,  we  are  told, 
"  were  always  employed  in  hydroatatics  or  hydraulics,  or  in  the  improve- 
ment of  water>works."  Then  there  ia  no  evidence  that  he  was  much  of 
a  reader :  had  he  been  conversant  with  books,  he  would  not  have  proposed 
the  propulsion  of  vessels  with  paddle-wheels  as  nao.  These  occurred  to 
him  as  they  have  done  to  thousands  in  every  age  when  devlalog  means  to 
increase  the  speed  of  bout ;  and  so  it  tmy  have  been  with  his  sbaam  ma- 
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diine  :  a.  device  liks  it  would  nuorall^  be  the  result  of  tlie  ex| 
widi  the  wine  flask,  uid  even  without  it,  when  hia  thoughts  wera  odcq 
directed  to  rmiung  water  by  steam.  Moreover,  Savet^  was  ignorant  of 
the  safety-valvfl,  the  very  thing  wanted  to  remove  the  most  fonnidablfl 
abjection  to  his  machine ;  and  yot,  as  we  have  shown,  he  might  hav* 
found  it  in  some  popular  works  on  chemistry  and  distillation, — besidea 
which,  Papin's  improved  application  of  it  bod  been  published  sevBral 
years.  (The  single  machine  fig^urad  No.  194  was  erected  by  Saverj 
faimseir  as  late  as  1711  or  '12,  and  it  had  no  safety-valve.) 

But  whether  he  derived  die  hint  from  Worcester  or  not,  he  is  entitled 
lo  all  the  htmor  he  has  received.  He  was  the  6rit  eftectually  Ua  introduoe 
the  device,  and  the  first  to  publish  a  descripuon  of  it  in  detail.  He  coti> 
oealed  nothine,  but,  like  a  sensible  and  pracucal  man,  explained  the  whoU, 
and  left  it  to  its  own  merits.  No  one's  claims  to  a  place  in  the  history  of 
the  steam-engine  were  better  earned,  whether  he  be  considered  the  i^n- 
ventor,  or  improver  only  of  Worcester's  68th  propositian.  There  are 
•everal  points  of  resemblance  inibecharactersofoavery  and  Oliver  £vatis. 
By  their  energy  and  indomitable  perseverance  they /breed  their  in*e«tioBa 
into  public  notice  in  spite  of  public  apathy,  and  so  worked  their  way  into 
the  temple  of  honorable  fame.  Both  published  curious  pamphlets,  that 
will  preserve  their  names  and  inventions  from  oblivion. 

But  Savory's  steain-vngine  does  not  belong  to  the  same  lamily  as  tba 
tnodem  one,  nor  can  he  be  said  to  have  contributed  to  the  invention  of  the 


latter,  except  so  &r  as  making  his  contemporaries  more  familiar  with  the 
mechanical  properties  of  aqneaus  vapor.  'Tis  true  he  employed  this  fluid 
in  close  vessels,  and  so  &r  ho  succeeded  ;  but  his  ideas  seem  to  have  been 
wholly  confined  to  its  application  to  raise  watw,  and  in  the  most  diroet 
manner— -hence  be  never  thought  otpitUmt.  Had  he  turned  bis  attention  to 
impart  motion  to  one  of  these,  he  would  have  left  little  for  his  successor* 
to  do ;  but  as  it  was,  he  did  not  lead  engineers  any  nearer  to  die  piston 
engine.  He  proposed  to  propel  machinery  by  discharging  the  wat«T  b« 
raised  upon  an  overshot  wheel ;  hence  his  patent  was  "  for  niring  water, 
and  occasioning  motion  to  all  sorts  of  mill  wvrk."  But  this  was  obviously 
an  afterthought,  an  accidentKl  result,  rather  than  one  originall;y  dengned 
•at  looked  for.  A  pistou  and  cylinder  only  could  have  given  lus  mafnine 
a  permanent  place  in  the  arts,  either  at  a  hydraulic  or  a  motive  one.  He 
acoomnlished  almost  all  that  could  be  realised  without  them.  The  sooM 
■plendid  talents  of  the  present  times  oould  have  done  little  rooN.  Fapin 
eDandoDed  the  piston  and  cylinder,  and  in  doing  so  quenched  a  halo  of 
glory  that  would  have  shone  round  his  name  for  ever ;  and  Savery,  for 
want  of  them,  notwithstanding  his  ingenuity,  perseveranoe  and  partial 
Buocess,  lived  to  see  his  device  in  a  great  measure  laid  aside,  avfetf 
died  about  the  year  1716. 

As  Savery's  engine  became  known,  several  additions  to  and  modifica- 
tions of  it  were  proposed.     A  few  of  these  may  be  noticed  ^— 

Drs.  Desagnliors  and  Graveeande,  from  some  experiment*,  concluded 
that  single  engines  were  more  economical  than  double  ones— a  single 
tvoeivsr  being  "  emptied' three  times  whilst  two  succeeding '  ones  [of  a 
double  engine]  could  be  emptied  but  once  a  piece."  Of  single  engines 
Desupliers  erected  seven  between  &e  years  1717  and  1744.  "The  first 
was  for  the  late  Czar,  Peter  I,  for  his  garden  St  PflMnburgh,  where  it 
was  set  up.  The  boiler  of  this  engine  was  spherical,  (as  they  must  all  be 
in  this  war,  when  the  sieam  is  much  stronger  than  air)  and  held  between 
five  and  six  hogsheads;  and  the  receiver  held  one  hogshead,  and  was 
filled  and  emptied  four  times  b  a  minute.     The  wftier  was  drawn  op  by 
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»%etv>n  or  the  pressure  of  the  Rtmosphere  fi9  feet  high,  out  of  a  well,  and 
then  pr«MetI  up  1 1  feet  higher.  Another  engine  of  this  sort  which  I  put 
up  tor  a  friend  about  Eve  and  twenty  years  aeo,  [1719]  drew  up  the  water 
29  feet  from  the  well,  and  then  it  was  forced  up  by  the  preisare  of  the 
■team  34  feet  higher,"  Jec.  But  these  "improved  engines  differed  in 
reality  but  little  from  Savery's  single  one,  No.  194.  Desaguliers  furnished 
his  boiler  with  Papin's  steelyard  safety-valve ;  a  three-way  cock  Klternately 
admitted  steam  into  the  receiver  and  water  from  the  forcing  [upe  to  con- 
dense it;  in  other  respects  the  engines  were  much  the  same.  Savery 
made  no  provision  to  secure  bis  boilers  from  being  exploded  ;  but  the 
aafety-vaive  was  not  always  a  preventive  in  former  times,  any  more  than 
at  present.  "  About  three  years  ago  [says  Desaguliers]  a  man  who  was 
entirely  ignorant  of  the  nature  of  tfie  engine,  and  without  any  instructions, 
undertoi>k  to  work  it;  and  having  hung  the  weight  at  the  farther  end  of 
the  steel-yard,  in  order  to  collect  more  steam  to  make  his  work  the  quicker, 
he  hung  also  a  very  heavy  plumber's  iron  upon  the  end  of  the  steel-yard; 
the  consequence  prov'd  fatal,  for  aiYer  some  time  the  steam,  not  being  able 
wiih  the  safety-clack  to  raise  up  the  steel-yard  loaded  with  all  this  unn- 
sual  weight,  oitrit  the  iotler  with  a  great  explosion,  and  kitl'd  the  poor 
man."     Exp.  Philos.  ii,  489. 

In  a  double  engine  by  Leopold,  A.  D.  1720,  the  receivers  were  placed 
below  the  water  they  were  to  raise :  hence  the  principle  of  condensation 
was  not  required — for  as  soon  as  the  steam  expelled  tlie  contents  of  a  re- 
ceiver, a  communication  was  opened  between  the  upper  part  of  the  latter 
and  the  atmosphere,  so  as  to  allow  the  steam  to  escape  and  a  fresh  supply 
of  water  to  enter  below.  He  produced  a  rotary  movement  by  discharging 
the  water  into  the  buckets  of  a  water-wheel. 

When  steam  is  admitted  into  a  receiver,  a  portion  is  immediately  con- 
densed by  the  low  temperature  of  the  vessel  and  the  cold  water  within; 
so  that  not  till  a  Rim  or  thin  stratum  of  hot  water  is  thus  formed  on  the 
surface,  can  the  full  force  of  the  vapor  be  exerted  in  expelling  the  contents. 
This  waste  of  steam  is  not  however  »o  great  as  might  be  imagined,  because 
the  water  with  which  it  comes  in  contact  siill  remains  on  the  surface, 
having  become  lighter  than  the  mass  below  by  the  accession  of  heat,  and 
consequently  preventing  the  heat  from  descending :  yet  vanous  attempts 
were  made  to  interpose  some  non-conducting  substance  between  the  steam 
tuid  the  water.  Papin,  as  we  have  seen,  used  a  floating  piston.  In  1766, 
Mr.  Slakey,  an  enterprising  English  mechanic,  took  out  a  patent  for  the 
application  of  a  stratum  of  oil  or  air.  To  use  these  he  made  some  corres- 
ponding alterations  in  the  receiver ;  but  the  advantages  were  not  so  great 
as  had  been  expected.  Blakey  also  introduced  a  new  boiler,  consisting 
of  tubes  or  cylinders  completely  fitled  with  water  and  imbedded  in  the 
fire.  It  caused  considerable  excitement  among  scientific  men,  but  the 
danger  arising  from  them,  and  the  explosion  of  one  or  more,  caused  them 
to  be  laid  aside.  He  spent  several  years  in  France,  where  he  erected 
some  of  his  engines.  He  wrote  on  several  subjects  connected  with  the 
arts.  There  is  a  copious  and  interesting  extract  from  his  Dissertation  on 
the  Invention  and  Progress  of  Fire  Machinery,  in  the  Qentlemen's  Maga- 
zine for  1792,  page  502. 

Other  modificaUoRS  of  Savery's  engine  were  mode  previons  to  and 
about  Blakey's  time-,  of  which  noparticular  accounts  are  now  extant.  In 
his  Comparisons  of  French  and  English  Arts,  (article  Horoloffy]  Blakey 
says,  "About  1748  another  Swiss,  named  Rivatz,  appeareiTin  Paris: 
he  understood  all  the  known  principles  and  methods  for  regulating  dme  in 
equal  parts,  to  which  be  added  others  of  his  invendoik.  •■---■  And  I 
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c%n  u^  without  prewnding  to  pr^udice  any  one'i  ment,  that  I  nerer 
met  with  onv  French  or  English  man  who  bad  so  much  ingenuity  and 
knowledge  in  mechanical,  hydreulic,  jire  maekmery  principles,  hx.  aa  Ri- 
VBtx."  (Gent.  Mag.  1702,  page  40i.) 

In  L734  M.  G«nunne,  a  French  geutlaman,  made  Bome  improvement! 
on  Savery'a  engine,  and  by  additional  mechanism  rendered  it  telf-aetutg. 
The  alternate  descent  of  two  vessels  of  water  opened  and  closed  the 
cocks,  on  much  the  same  principle  as  that  exhibited  in  Fludd's  pressure 
engine,  page  354.  (Machines  Approuve^s,  tome  vii,  22&.)  in  1740  M. 
De  Moura,  a  Portuguese,  accomplished  the  same  thing  by  the  ascent  and 
descent  of  a  copper  ball  or  float  within  the  receiver;  but  the  device  was 
too  complicated  for  practical  purposes.  It  is  figured  and  described  by 
Smeaton  in  the  Philosophical  Transactions,  vol.  xlvii,  437,  in  the  Supple- 
ment to  Hariis's  Dictionary  of  the  Arts,  and  in  other  English  works.  In 
1766,  Cambray  de  Rigny,  aji  Italian,  made  some  addiDons  to  Savery's 
engine  so  aa  to  make  it  m  a  great  measure  independent  of  manual  assistance. 
Professor  Francois,  of  Lausanne,  having  been  conrulted  respecting  the 
draining  of  an  extensive  marsh  between  the  lakes  Neuchatel,  Bieane  and 
Mont,  adopted  a  Rre  engine  on  Savery's  plan,  and  which  he  made  self- 
acting  by  a  more  simple  device  than  either  of  the  preceding.  A  descrip- 
tion and  good  ligurc  of  his  machine  may  be  seen  m  the  fourth  volume  of 
the  Repertory  of  Arts,  (1794)  page  203..  Nuncarrow's  improvement  on 
Savery's  is  described  in  the  Ajnerican  Phil.  Tronsacdons,  vol.  i,  209,  in 
TINoch's  Phil.  Mag.  vol.  ix,  300,  and  in  Galloway's  History  of  the  Stemm- 
Engine.  An  English  patent  was  issued  in  1805  to  James  Booz,  and  an- 
other in  1819  to  Mr.  PonUfex,  both  for  improvements  on  Savery's  engine. 
For  further  infurmation  see  the  Rei>ertor<^  of  Arts,  Nicholson's  Jonmsl, 
vol.  i,  419,  and  the  Journal  of  the  Franklin  Institute. 

"  A  commodious  way  of  subsdtnting  the  action  of  fire  instead  of  tlte 
force  of  men  and  horses  to  move  machines,"  was  proposed  in  1699,  by  H. 
Amontons,  one  of  the  earliest  and  most  useful  members  of  the  French 
Academy  of  Sciences.  He  named  his  machine  a^e  null.  It  resembled 
a  large  wheel,  supported  on  a  horixontal  axis,  but  was  composed  of  two 
concentric  hollow  rings,  each  of  which  was  divided  by  partitions  into  a 
dozen  separate  cells.  The  small  or  interior  ring  was  at  a  considerable 
distance  from  the  axis,  sod  the  celts  communicated  with  each  other  through 
openings  made  in  the  partiuons  and  covered  by  valves  or  clacks.  The 
cells  or  the  exterior  rings  hod  no  communication  with  each  other,  but  a 
pipe  from  each  connected  them  with  the  inner  ones.  The  outer  cells 
contained  air,  and  about  one  half  of  the  inner  ones  contained  water.  The 
object  was  to  keep  ihis  water  always  on  one  side,  that  its  weight  might 
act  tangentially,  and  so  cause  the  wheel  to  revolve,  and  the  machine  con- 
nected to  it.  A  furnace  was  built  close  to  a  portion  of  the  periphery,  and 
the  lower  part  of  the  wheel  was  immersed  in  water,  to  a  depth  equal  to 
that  of  the  exterior  cells.  When  the  fire  was  kindled,  the  air  in  the  cell 
against  which  the  flame  impinged  became  rarefled,  and,  by  means  of  a 
pipe  communicating  with  an  inner  celt  hdow  the  atU,  forced  the  water 
contained  in  that  celt  into  an  *ppf  one.  This  caused  that  ude  of  the  wheel 
to  preponderate,  which  brought  another  air  cell  in  contact  with  the  fire, 
and  the  fiuid  becoming  expanded  by  the  heat  forced  up  the  contents  of 
another  of  the  inner  cells  into  a  hi^per  one,  as  before  ;  in  this  way  every 
part  of  (he  periphery  of  the  wheel  was  brought  in  snecessLon  in  contact 
with  the  fire,  and  Uie  water  in  the  inner  ceHs  kept  constantly  rising  on 
one  side  of  the  wheel,  thus  causing  the  latter  to  revolve.     The  air  in  the 
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outer  c«lU  wm  cooled  u  they  pused  throngh  die  vater  in  whioli  Uw 
lower  pki-t  of  the  wheel  dipped. 

Thi*  devicB  of  Amontons  i>  rather  an  air  than  a  ttaain  machine.  It 
hardly  belongs  to  this  part  of  our  snbjeot ;  but  aa  it  may  be  considered 
the  type  of  tnoBt  of  the  ateam  wheels  eubsequentljr  brought  forward,  we 
hare  been  induced  to  notice  it  here.  Ai  a  theoretical  device,  it  it  highly 
meritorious,  but  u  ■  practical  one,  of  little  value.  Then  is  in  Mar^n  and 
Chambera's  abridged  History  of  the  Academy  of  Sciences  at  Paris,  Lond. 
1743,  a  full  account  of  this  wheel,  and  of  the  experiments  from  which  it 
was  deduced.     {See  vol.  i,  69.)     It  was  simpliHed  by  Leopold. 

Towards  the  close  of  the  17th  century  there  Uved  in  Dartmouth,  a  small 
seaport  town  on  the  English  channel,  two  mechanics  who  combined  their 
energies  to  devise  a  machine  for  raising  water  by  means  of  steam.  Their 
names  were  Thomas  Newcomen  and  John  Cawley ;  the  first  a  blacksmitb, 
but  sometimes  called  an'  ironmonger,  the  latter  a  plumber  and  ghuuer. 
The  circumstances  that  (ed  them  to  the  subject  have  not  been  recorded, 
nor  have  the  paitiualar  contributions  c^  each  been  specified.  Their  efforts 
were  howevet*  eminently  succeasful,  for  to  them  belongs  the  honor  of 
having  permanently  eatablished  the  employment  of  steam  as  a  mechanical 
agent.  The  date  of  the  commencement  of  their  efforts  is  unknown,  but 
from  the  observation  of  a  contempcK^iy  writer  it  aeems  to  have  been  as 
earlv  as  the  first  attempts  of  Savery. 

The  principal  objection  of  miners  to  Savery's  machine,  via.  the  enor- 
mous feree  of  the  steam  required,  and  the  consequent  frequent  explosion 
of  the  Ixnlera,  Sec  was  completely  avoided  by  Newcomen  and  Cawley; 
for  they  used  eteam  of  little  or  no  greater  force  than  cooks  do  in  oommon 
cauldrons— hence  it  could  never  eaplode  a  boiler  or  endanger  human  life. 
Savery's  engine  had  other  disadvantages.  It  was  required  to  be  placed 
toithin  a  mine  or  pit,  and  in  no  case  farther  from  the  bottom  than  25  or  30 
feet ;  whereas  Newcomen  and  Oawley's  was  erected  on  the  surface,  near 
the  mouth  of  the  shaft.  Moreover,  in  those  mines  which  were  previ- 
ously drained  by  pumps,  it  could  be  used  to  work  these  as  before,  without 
any  additional  cost  for  newpipes  and  pumps ;  the  engine  in  such  caaes  merely 
superseding  the  horses  and  their  attendants.  Instead  of  applying  ateam 
tike  Savery  dirtctly  to  the  water  to  be  raised,  these  mechanics  made  use 
of  it  to  give  motion  to  a-  piston  and  vibrating  beam,  and  through  these  to 
common  pump  rods ;  hence  the  device  may  be  conndered  rather  for  im- 

Eardng  motion  to  machines  proper  for  raismg  water,  than  as  one  of  tho 
^ter. 
It  is  in  evidence  that  Newcomen  had  some  correspondence  respecdng 
his  machine  with  Dr.  Hooke,  and  that  he  was  acquainted  with  what  Papin 
had  previbusly  done.  This  however  might  very  well  coosist  with  the 
idea  of  giving  motion  to  a^itUm  ori^natine  with  himself  or  partner;  yet 
as  their  labors  were  subseqnent  to  those  orthe  French  philosopher,  their 
claims  to  it,  if  they  ever  mEide  any,  could  not  be  sustained.  Their  machine 
in  its  essential  features  is  a  copy  of  Ouerricke's,  and  the  mode  of  producing 
a  vacuum  under  the  piston  similar  to  Papin's;  but  as  Papin  did  not  suc- 
ceed, the  rfintroduction  of  a  device  similar  to  his,  and  its  successful  appli- 
cation to  the  important  purpose  of  draining  mines,  belong  wholly  to  them; 
and  the  merit  of  doing  this  was  certainly  much  greater  than  can  ever  be 
claimed  for  the  abortion  of  Papin.  Fulton  did  not  invent  steam  boats, 
but  he  was  the  first  to  demonstrate  their  utility  and  to  introduce  them  into 
use  here  after  they  had  been  tried  and  abandoned  in  Europe. 

It  should  not  be  supposed  that  the  piston  engine  would  not  hare  been 
rMliBedattheeloMofUie  17thor  be^nningof^  18thoentiuy,ifPapui 
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and  Newcomea  had  not  lived.  The  apirit  of  inquiiy  that  was  abroad  in 
their  daya,  and  the  number  of  ingenioiu  men  engaged  in  deviling  mean* 
to  employ  iteam  aa  a  motive  agent,  would  asguredly  have  soon  brought  it 
into  use.  Indeed,  every  improvement  in  the  application  of  itearo  seema 
to  have  been  always  perceived  by  some  contemporary  projectors,  among 
whom  the  contest  of  maturing  it  wa<,  aa  in  a  race,  one  of  speed.  "  Watt 
[observes  Prof.  Renwick]  found  a  competitor  in  Gainsborough,  and  but  a 
few  weelts  would  have  placed  Stevens  on  the  very  eminence  where  Fulton 
now  stands."  The  circumstances  of  the  times,  the  increase  of  English 
manuractures,  and  the  general  waut  of  some  substitute  for  animal  labor, 
all  then  favorable  to  the  introducUon  of  the  steam-engine.     "  Had 


the  mines  of  Cornwall  been  still  wrought  near  the  surface,  Savery  orNew- 
coiden  would  hardly  have  found  a  vent  for  their  engines.  Had  not  the 
msnuiacturers  of  England  been  wanting  in  labor-saving  machinery,  the 


double-acting  engine  of  Watt  would  have  been  suited  to  no  useful  appli- 
eauon.  A  very  few  years  earlier  than  the  voyage  of  Pulton  [to  AIh«nj] 
the  Hudson  could  not  have  furnished  trade  or  travel  to  support  a  steam 
boat,  and  the  Mississippi  was  in  posseaiion  of  dispersed  hordes  of  savage*." 


Eafins.    A.  D.  I7D9. 


The  above  figure  will  sufficiently  explain  the  principles  and  operation 
of  Newcomen  and  Cawley's  first  engine  j  and,  when  compared  with  diot» 
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already  nodoed,  will  enable  the  reader  to  do  juatiee  to  ail  canoenied.  It 
will  be  perceived  that  althou^  Kaam  ii  anetsentiftl  agent,  it  is  not  ifaa 
primunt  mahiU  of  the  appanitiu :  the  preMure  of  the  atmoaphere  ia  the 
first  mover,  and  to  excite  this  only  wu  ateam  employed. 

A,  in  the  figure,  (No.  196)  repreienta  a  vibtaang  beam  with  ardwd 
ends  or  sectors,  from  one  of  whiob  the  main  pnmp  rod  ia  suspended  by  a 
chain.  This  rod  deeceoda  into  the  mine  or  pit,  and  is  connected  to  aa 
many  other  rods  as  there  an  pumps  to  be  worked.  A  counterpoise  or 
heavy  weight  m  is  fixed  to  the  rod,  so  aa  to  depress  it  and  raise  the  other 


end  of  the  beam  in  the  poaitioa  represented,  a,  the  steam  cylinder,  open 
at  top,  its  sides  being  surrounded  dt  another,  anid  the  space  between  them 
containing  water,    r,  the  piston  rod  and  piston,  attached  to  the  beam  by 


a  chun.  b,  the  boiler,  e,  gauge  cock.  N,  safety  valve  with  weights 
placed  directly  upon  iL  <£,  a  cock  to  admit  steam  into  the  cylinder,  ti  a 
pipe  and  cock  to  convey  the  water  round  a,  into  Ui^well  or  tank  o.  ^  a 
pipe  and  cock  to  supply  cold  water  to  condense  steam  in  the  cylinder,  h, 
another  pipe  and  oock  to  furnish  occaaiooally  a  little  water  to  the  upper 
side  of  the  piston,  to  prevent  air  from  passing  between  the  pa<^)ng  and 
•idea  of  the  cylinder :  this  water  waa  kept  at  the  depth  of  about  two  iochea. 
f  t,  a  pipe  proceeding  from  one  of  the  pumps  in  the  pit  to  supply  ihe  small 
eistero  with  water,  p,  a  pipe  to  convey  the  steam  coodensed  within  a 
into  the  tank  o.     w  the  aih  pit.     x  x,  flues  round  the  boiler. 

Fire  being  applied  to  the  boiler  and  steam  generated,  the  cock  d  is 
opened  and  the  cylinder  filled  with  steam,  provision  being  made  for  the 
escape  of  the  air  previously  within,  d  ia  then  closed  and  f.  opened,  by 
which  cold  water  from  the  cistern  is  admitted  to  flow  round  a;  this  con- 
denses the  vapor  within,  and  a  vacuum  being  thus  formed  under  the  piston, 
the  latter  is  pushed  down  by  the  atmosphere ;  consequently  the  opposite 
end  of  the  beam  is  raised,  and  with  it  the  pump  roda  and  the  load  of  water 
with  which  they  are  burthened.  f  is  now  closed  and  d  again  opened, 
when  the  counterpoise  m  preponderates,  the  piston  is  raiaed,  the  cylinder 

X'n  filled  with  steam,  and  the  operation  repeated.  But  previous  to  the 
ission  of  vapor  the  second  time  into  the  cylinder,  the  cocky  is  closed 
and  the  one  on  pipe  e  opened,  to  allow  the  water  between  the  cylinders 
to  escape  into  the  tank  o,  this  water  having  become  heated  by  its  contact 
with  a.  As  soon  aa  the  cylinder  is  charged  anew  with  steam,  a  freak 
'y  of  cold  water  to  condense  it  is  admitted  by  again  apani-^J', 
e  amount  of  force  thus  excited  depends  upon  the  diameter  of  the 
'Cylinder  a,  or  the  area  of  its  piston,  and  the  state  of  the  vacuum  made 
under  the  latter.  The  dimensiona  of  a  must  therefore  be  proportioned  to 
'the  resistance  to  be  overcome— 4o  the  quanaty  of  water  to  be  rwsed  from 
a  mine,  and  the  height  at  which  it  ia  to  be  discharged — and  to  render  an 
'engine  of  the  kind  effective,  the  whole  of  the  steam  in  a  should  be  con- 
'densed,  and  as  quickly  as  possible.  These  conditions  were  not  tery  well 
ifulfiUed  by  die  apparatus  aa  figured  d>ove.  Time  was  required  for 
ithe  cold  water  between  (he  cylinders  to  extend  ita  influence  from  the  cir- 
cumference to  the  centre  of  the  inner  one,  in  order  completely  to  eondense 
ithe  vapor;  hence  the  movements  were eictramely  Hlow,.tlM Strokes seldoni 
exceeding  aeven  or  eight  per  minute.  An  aacidentatcirimttt«tai»ce  pointed 
out  the  remedy,  and  greatly  increased  the.  effect,  ~  As  the  engine  was  at 
work,  the  attendants  were  one  day  surprised  to  see  it-  mak»4«vecal  strokes 
much  quicker  than  usual ;  and  upon  searching  for  the  catise,  they  found, 
says  Desaguliers,  "  a  hole  in  the  piston  whicn  let  the  cold  water  [kept 
upon  the  piston  toprevent  the  entrance  of  air  at  the  padiing]  into  the  s»n^ 
■of  the  cylindor."     The  water  falling  thcou^  tks  ateam  condeiMed  it  •!» 
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roost  inMantaneoQily,  snd  produced  %  vMUum  with  &r  )«••  wusr  Own 
when  npplied  to  the  exterior  of  the  cylinder.  This  led  Newcomen  to 
remove  the  outer  cylinder,  uid  to  insert  the  lower  end  of  the  pipe  y  into 
the  bottom  of  a,  so  that  on  opening  the  cock^  ■  jet  of  cold  water  was 
projectrid  through  the  rapor.  This  beautiful  device  is  tho  origin  of  the 
irgection  pipe  still  used  in  low-pressure  engines. 

N«wcomen  and  Cawley's  engine^  as  figured  page  465,  was  improved  in 
several  parts  in  1713,  and  soon  after  adopted  as  a  hydraulic  machine  for 
draining  the  coal  and  iron  mines  in  various  pans  of  Europe.  Very 
elaborate  engravings  of  some  used  in  French  mines  may  be  seen  in  iho 
folio  edition  of  Arts  et  Metiers.  Sea  also  Desaguliers'  !Ex.  Fhtlos.  vol.  ii, 
and  Switzer's  Hydrostatics. 

The  application  of  sectors  spd  chains  to  pump  rods  did  not  originete  with 
Xewcomen.  They  are  figured  by  Moxon,  and  were  probably  employed 
in  working  pump^  in  mines  previous  Ui  the  invention  of  the  steam-en gui9. 

Wc  have  often  thought  the  heaviest  chargs  against  Savery  was  to  be 
found  in  his  conduce  towards  Newcomen  and  Cawley.  Their  machina 
was  essentially  difierent  from.hia  in  its  principle,  conatrucdon  and  -  mode 
of  action,  yet  he  insisted  thai  it  was  an  infringement  upon  his  patent.-  He 
employed  the  pressure  of  the  atmosphere  in,  cbarginff  his  receivers,  by 
condensing  with  cold  water  the  steam  within  them.  So  far  as  regards 
this  mode  of  forming  a  vacuum,  (he  to  his  receivers  and  they  beneath  a 
piston)  there  is  a  resemblance  between  the  two  machines,  but  no  farther; 
and  this  plan  of  making  a  vacuum  was  not  original  with  him  any  more 
than  with  them.  It  was  no  more  a  new  device  in  his  time  than  his  psddle 
wheels  were.  The  object  of  Newcomen  and  Cawley  in  forming  a  vacuum 
was  also  quite  different  from  his ;  for  they  did  not  raise  water  into  the 
vacuity,  but  employed  it  solely  to  excite  the  pressure  of  the  atmosphere 
upon  uie  upper  sioc  of  a  piston,  in  order  to  impart  motion  to  commou 
pump  rods.  Again,  he  used  the  expansive  force  of  high  steam  :  diis  was 
the  prominent  feature  in  his  machine,  and  the  great  power  that  gave  effi- 
ciency to  it ;  but  they  did  not  use  this  power  at  alL  The  weight  of  the 
external  air,  not  the  expansive  force  of  steam,  was  the  jtrimvni  mobiU  in 
their  machine,  and  it  was  brought  into  action  by  the  vapor  of  water  at  the 
ordinary  boiling  pomt 

But  as  the^  formed  a  vticuura  in  their  cylinder  by  the  condensation  of 
steam,  be  insisted  on  having  a  bhare  in  their  patent!  The  fact  was  his 
machines  had  become  in  a  great  measure  laid  aside,  and  he  doubtless  per- 
ceived that  they  were  destined  to  be  wholly  superseded.  Desaguliers 
(in  1744)  observes  that  the  progress  and  improvement  of  the  fire  engine 
were  stopped  by  the  difficulties  and  dangers  ottendirig  it,  till  Newcomen 
and  Cawley  "  brought  it  to  the  present  form,  in  which  it  i*  now  used,  and 
has  been  near  these  thirty  years."  Unless  his  name  was  included  as. a 
joint  patentee,  Savery  tlveatefie4  an  appeal  to  the  law;  end  it  is  said  his 
influence  at  court,  as  commissioner  (or  the  sick  and  wounded,  gave  weight 
to  this  ungenerous  and  ui^ust  demand,  Newcomen  we  are  informed  was 
a  Quaker,  or  like  Cawley  a  Baptist,  and  therefore  on  principle  averse  lo 
legal  coDtroveny  :  he  was  moreover  «  man  of  "  a  great  d«al  of  modesty," 
and  so  yielded  the  point.  Tha  patent  was  consequently  issued  (in  17P5) 
"  to  Thomas  Newcomen  and  John  Cawley  of  Dartmouth,  and  Thomas 
Savery  o£  LqndoK-" 

Another  point  has  been  geoually  overlooked:  n  &t  from  New^onteri's 
machine  being  an  iBTriDgemont  or  In^rovement  upon  Savery's,  it  was  really 
invented  as  early  if  not  earlier  tfaw  the  latter.  Switser  (Savery's  friend) 
■ays,  "  it  [Newcomen's  engiiw^u  indeed,  geaenlly  said  to  be  u  lasfioy^ 
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mcnt  to  Savery'e  engine,  but  lam  todl  wifom'd  that  Mr.  Newcomen  waa 
as  early  in  his  invention,  as  Mr.  Savery  wai  in  his,  only  the  laner  being 
nearer  the  court,  had  obtain'd  his  patent  before  the  other  knew  of  it;  on 
which  account  Mr.  Newcomen  waa  glad  to  come  in  aa  a  partner  to  it." 
(Hydrostatics,  34ij.)     That  is,  as  a  partner  to  his  own  invention. 

To  Newcomen  and  his  associate  belongs  the  honor  of  laying  the  found- 
ation for  the  modem  engine.  The  piston  engine  of  Worcester  bad  beeD 
forgotten,  Papin's  was  an  abortion,  and  Savery  probably  never  thought  of 
one  ;  hence,  whether  the  Dartmouth  mechanicians  were  aware  of  its  pre- 
vioua  employment  or  not,  to  them  a  large  share  of  merit  is  justly  due. 
They  were  moreover  amiable  and  unassuming  in  their  manners,  and  seem 
to  have  passed  through  life  without  exciting  much  of  that  envy  that  em- 
bitters more  or  less  the  nights  and  days  of  successful  inventors.  From 
such  men,  who.can  withhold  expressions  of  approbation  and  esteem  t  Had 
they  been  members  of  the  Roman  church,  they  should  have  been  canonized 
—could  we  believe  in  the  efficacy  of  prayers  for  the  dead,  we  would  have 
masaea  performed  for  the  repose  of  their  spirits — and  had  we  the  power, 
evety  contribntor  to  useful  mechanism  ihould  be  commemoisted  by  an 

Cawley  died  in  1717,  but  the  data  of  Newcomen's  decease  liaa  not 
been  ascertained. 


CHAPTER  II. 


Oiwnl  ^optina  oT  NiwuBia  ud  Ciwlif^  anfia*— Lso|Mld'>  "' 
•f  (•■«■]  BKbinarr— Wsndin  ud  fnnil*  boilin    OmraUaf  « 

arMi-boiun  (od  dKtItiiin  hautd  bf  lUui— Caoklai 
Eitf  ll>h,  Fnich  ud  Aaxrieu  uMin  >ii(li»-Wi>iHrd^  ■! 
f    DacoapMJtlon  itBd  ncomiMiitloA  of  water. 


Newcomen  and  Cawley's  engines  were  found  to  answer  the  purpose 
of  ruiing  water  so  well,  that  in  a  few  years  they  were  intrT>duced  into 
Russia,  Sweden,  France  and  Hungary ;  and  about  1760,  one  was  imported 
by  the  proprietors  of  the  old  copper  nrine  near  Belleville,  New  Jersey. 
They  in  &ct  imparted  a  new  and  verv  beneliciBi  impulse  to  mining  opera- 
dons,  and  quickly  raised  the  value  of  mining  stock.  Delnged  woAs  wera 
recovered,  old  mines  deepened,  and  new  ones  opened,  in  vbttous  (£stricts, 
both  in  Qreit  Britain  and  continental  Europe  :  nor  were  they  confined  to 
draining  mines,  bnt  were  employed  to  raise  water  for  the  use  of  towns 
and  cities,  and  even  to  supply  water-wheels  of  mills.  By  exciting  the 
attention  of  ingenious  men  to  their  improvement,  they  became  die  means 
of  extending  manufaetures  generally,  and  introduced  one  which  had  never 
before  been  known  in  the  worid,  vjz.  the  fabrication  of  mofm  ntmer — » 
manufacture  upon  which  the  wealth,  power  and  happineM  of  taoons  ua 
deitined  in  «  great  degree  hereafter  to  depend. 
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Leopold,  to  whom  we  have  frequently  referred,  reflecting  on  Fapin'a 
experimeats,  luggested  the  following  application  of  etoam  to  move  pistona 
and  to  ruaa  water  :— 


N0.19T,    L«|»ld<i  Hl(h  Pmnn  EirlB«.    A.D.ITS1. 

Two  iteam  cylinder*,  open  at  top  and  provided  with  piston*  a  h,  were 
placed  over  the  boiler  c,  from  the  upper  part  of  which  a  four-way  cock  d 
admitted  steam  alternately  into  the  bottom  of  each.  The  pistons  were 
connected  by  inflexible  rods  to  the  ends  of  two  working  beams,  and  to  the 
opposite  extremities  of  the  beams  were  connected,  by  similar  rods,  the 
pistonsy  ^  of  two  forcing  pumps,  whose  lower  parts  were  placed  in  the 
water  to  be  raised.  An  attendant  turned  the  plug  of  the  cock  to  admit 
steam  under  one  piston,  which  was  pushed  up  by  the  expansive  force  of 
the  fluid,  and  consequently  the  piston  of  the  pump  connected  to  the  same 
beam  was  forced  down,  and  the  water  in  its  chamber  driven  up  the  rising 
main  t.  The  cock  was  then  turned  to  admit  iteam  into  the  other  cylinder, 
whose  piston  was  raised  in  like  manner;  at  the  same  time  one  passage  of 
the  cock  opened  a  communication  with  the  interior  of  the  first  cylinder 
and  the  external  air,  so  as  to  allow  the  steam  within  to  escape.— (See  the 
figure.) 

This  is  the  first  high-pressure  piston  engine  figured  in  books.  It  has  been 
gready  admired,  and  yet  as  represented  it  is  useless  and  impracticable ; 
tor  when  the  steam  pistons  were  once  raised  the  whole  would  remain  im- 
moveable, there  being  no  means  for  causing  them  to  descend.  Had  Leo- 
pold used  one  beam  instead  of  two,  and  placed  a  pump  and  steam  cylinder 
under  each  end,  the  device  would  have  been  complete  and  vet^  efTective, 

It  is  singular  that  the  researches  of  Leopold  had  not  made  him  ac- 
quunted  with  the  fact  that  four-way  cocks  were  used  long  before  Fapin, 
to  whom  he  attributes  them. 

With  this  device  of  Leopold,  we  take  leave  of  steam  machines.  Hidierto 
they  had  been  employed  only  to  raise  water,  but  the  period  was  now  ap- 
proaching when  the  agency  of  this  fluid  as  a  first  mover  of  machinery  in 
geoeraJ,  wu  to  become  indefiiiitely  extended.   The  engines  of  Newcomen 


„glc 


470  Waadat  amd  O^mte  BoOtn.  [Book  W. 

and  Leopold  were  the  linkfl  winch  consected  tbe  Ubaws  of  Henm,  Ovaj, 
Porta,  Worcester,  Moreluid,  Papin  and  Sa*«i7  widi  tbo*»  of  Watt.  Titej 
opened  the  way  for  tl>e  inuodocdon  of  tbe  crank  and  flT>wbeel,  wluefa 
cDanzed  completely  the  character  of  the  old  engioea.  Like  Woroener'a 
and  davery'a,  Newcomen'a  engine  required  the  coostaot  attention  of  an 
attendant  to  open  and  cloae  the  cocks ;  but  a  bo;  named  Potter  employed 
in  thi«  «errice,  stimulated  by  tbe  lore  of  ptay,  ingeniously  added  cords  to 
the  levers  by  which  the  cocks  were  turned,  and  connecting  the  other  ends 
of  the  cords  to  the  moving  beam,  rendered  tbe  machine  self-acting,  and 
thus  aeqnired  opportunities  of  joining  his  sportive  companioiu  unknown 
to  his  employers.  Iron  rods  wem  soon  after  substituted  for  the  cords  by 
BeightoQ,  and  Gnally  Watt  and  Qaiosborongh,  Hombtower,  Evans  and 
Trevithick,  tee,  appeared  and  made  die  steam-engine  the  great  prime 
mover  of  ntan. 


A  few  anbordioaie  denees  relating  to  steam  and  steam-engine*  may  bene 
be  noticed.  There  is  in  Stuart's  Anecdotes  an  historical  note  reapecting 
irooden  boilers,  in  which  water  is  heated  by  furnaces  or  Sues  within 
them.  They  are  traced  back  to  1663.  It  may  be  ial«re«dn^  to  some 
readers  to  state,  that  they  were  in  use  in  the  preceding  centniy,  end  that 
the  device  in  all  probability  dates  from  even  a  mom  remole  period.  They 
are  described  in  Qesnar's  "  Secrets  of  Phisicke  and  Philosophie."  In  the 
English  translation  of  1599,  by  Baker,  to  which  we  have  already  had  re- 
course, they  are  twice  figured,  and  thus  described  :  "A  wooden  bowie  or 
tubbe  of  a  sufficient  compassa  and  tai^nesae  over;  in  the  middas  of  which 
tubbe  erect  and  set  from  the  bottom  unto  the  edge  or  brinke  of  the  same, 
or  rather  above  it,  a  great  ct^per  vessel,  in  the  fonne  of  a.  hollow  pype. 
Let  a  parte  of  the  copper  pype  desoende,  in  such  sort  and  manner,  that 
the  water  be  contained  betweeTie  the  outward  bored  wall  of  the  pype  and  tbe 
parte  within  of  the  tubbe;  But  within  that pBrU  of  the  pype  which  de- 
■cendeth  by  the  bottome  of  tbe  tubbe,  let  die  fire  be  put  and  kindled,  for  die 
heatingof  the  water."  Folio2S.  The  third  part  of  OlanbeKs  Treatise  on 
Philosophical  Pnmacet  also  relate*  to  wooden  boiler*,  in  which  liquids 
were  heated  by  a  copper  retort  placed  in  a  fire,  and  whoee  neck  waa  in- 
serted in  tlio  lower  part  of  the  boiler,  the  liquid  circulating  through  die 
retort,     Eng.  Trans,  by  Dr.  French,  London,  1653. 

We  have  been  informed  that  an  enormous  ateain  bailer  for  an  atmos- 
pheric engine  was  in  use  many  years  ago  at  a  copper  mine  near  Redmdi, 
in  Cornwall,  England,  which  was  composed  entirely  of  large  bloclu  of 
graitile,  or  "  moor  stone,"  The  water  was  heated  by  a  furnace,  fiom 
which  iron  pipes  traversed  backwards  and  forwards  in  the  water. 

The  old  chemists  ollen  bailed  liquids  by  the  sun's  heat,  and  a  writer  in 
the  London  Magazine  for  17SQ  proposed  to  substitute  the  solar  rays  (or 
common  fires  in  heating  steam-engine  boilers,  vis.  by  collecting  the  raya  in 
afucu4"bymean9of  acommon  burning  glass,  or  a  lai^  concave  refleotrng 
mirror  of  polished  metal,  or  perhaps  more  conveniently  by  the  newly  re- 
vived method  of  Archimedes,  which  bv  throwing  the  focal  poiiK  to  a  greatar 
distance  may  be  capable  of  many  advantages  that  the  others  have  not." 
He  anticipates  three  objections ; — 1.  "The Tocub  will  vary  with  the  moiioB 
of  the  sun."  To  obviato  this  he  nroposes  to  make  die  mirrar  moveable 
by  machinery  attached  to  the  engine  itself.  S.  "The  extreme  heat  of  the 
focal  point."  ]f  this  should  be  too  intense,  it  hny  be  moderated  by  m^ 
Isrging  the  focus.  3.  "  The  sun  does  not  constantly  shine" — therefomth* 
engine  most  stop.    This  objection,  he  remarks,  is  oommoo  (o  wind,  dda 
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axtd  otber  mill*  x  and  be  tMnlu  in  the  hot  niontlis,  at  leut,  a  ■team-angina 
niglit  be  made  to  raise  by  the  sdd's  heat  water  enough  from  a  well  to 
repleniah  fiali  ponda  &e.  as  oppoKiinity  aerved.  We  have  loog  thought 
that  solar  heat  will  yet  auperaeile  artificial  fires  to  a  limited  extent  in  raising 
(team,  as  well  as  in  numerous  other  operations  in  the  arts,  especially  in 
places  where  foal  is  acafoa.  It  is  a  more  le^timats  object  of  research 
than  one  half  of  the  new  projects  daily  brought  forward. 

The  mode  adapted  by  Watt  for  supplying  water  to  bis  boilers  by  means 
of  ». float  altached  to  a  fever,  and  ao  arranged  as  to  open  and  close  a  valve 
in  an  adjoining  cistem,  waa  not  invented  by  him.  It  was  employed  by 
Hr.  TriawaU,  the  Swedish  engineer,  in  174A,  in  his  apparatus  ior  commu- 
nicating heat  to  green-houses  by  steam,  and  is  dascritwd,  with  a  figure,  in 
die  London  Magacine  for  1755,  p.  18 — 21. 

Heatinff  a^reen-houses  by  steam  ia  mentioned  by  an  English  writer  in 
1660.  RiviUB,  in  1548,  speaks  of  eolipiles  being  employea  to  impart  an 
agreeable  temperature  to  apartments  in  dwellings.  Col.  Wm.  Cook's 
**  Methvd  to  warm  rooms  by  the  steun  of  boiling  water,"  is  described, 
with  a  out,  in  the  Gentleman's  Hagaaine  for  1747,  p.  171.  A  boiler  was 
to  be  heated  by  the  lutchen  fire,  and  the  steam  pipe  to  ascend  through  one 
tier  of  rooms,  and  descend  through  another,  traversing  backwards  and 
forwards  in  each  room  according  to  the  temperature  required  j  the  escape 
of  the  condensed  and  waste  steam  being  regulated  by  a  cock. 

A  patent  for  cooking  by  steam  was  taken  out  in  England  by  Mr.  How- 
ard in  1793.  He  named  his  appanittu  "  a  pneumatic  kitchen."  Repertoi^ 
of  Arts,  Tol,  X,  147. 

There  are  two  other  cUsaea  of  motive  uuchinea  that  we  intended  here 
to  notice  in  some  detail ;  but  as  they  have  not  come  into  general  use,  and 
this  volume  having  already  nearly  reached  its  prescribed  limits,  a  brief 
■ketch  may  auffiae.  The  origin  of  moot  of  them  may  be  (raced  to  attempta 
to  supenede  steam  by  more  portable  fluids,  or  such  as  require  less  fuel  to 
generate.  We  allude  to  exptoiive  and  to  vapor  engmet.  Of  all  the  davicea 
to  which  the  steam-engine  has  given  birth,  none  posses*  greater  interest 
than  these.  Soma  were  desigtiad  to  raise  water  directly,  and  all  of  them 
indirectly.  The  lirat  clasa  are  named  from  the  force  by  which  they  act 
being  developed  by  the  firing  (generally  under  pistons)  of  explosive  com- 
pounda.  These  are  either  concrete  or  aisriform  substances,  as  gunpowder, 
a  miKture  of  hydrogen  gaa  and  common  air,  ha.  Those  of  the  second 
class  are  sinular  to  ateam-engines,  except  that  they  are  worked  by  elastic 
flnids  evolved  from  v«latite  liqaids,  or  such  as  pass  eaaily  and  at  low  tem- 
peratures into  the  aeriform  state,  as  alcohol,  ether,  ka. 

Esploaive  like  steam  engines  have  been  made  to  act  in  two  difTerent 
ways,  aocording  to  two  opposite  propeities  or  efieols  of  the  exploded  sub- 
trtnno*-~the  expansive  fbive  developed,  and  the  vacuum  or  partial  vacuum 
which  succeeds.  For  the  purpose  of  explanation,  suppose  two  lai^  re> 
peadng  gans  or  muskets,  jwovided  with  small  charges  of  powder  only,  to 
he  secured  by  a  frame  in  a  perpendicular  posidon,  with  their  muzxies  up- 
wards,  and  three  or  four  feet  apart.  Directly  over  them  let  there  be 
adapted  a  working  beam,  aomewhat  as  in  the  last  figure,  susnended  on  a 
fblerum  at  an  equal  distance  from  each.  Suppose  the  ramrods  placed  in 
the  barrels  with  their  buttons  or  plugs  so  made  as  to  fill  the  bore,  and 
w«ric  air-tight  like  ibe  piston  of  a  syringe  or  pump.  Let  the  upper  ends 
of  these  rods  then  be  connected  by  a  bolt  to  the  ends  of  the  beam,  which 
should  be  at  such  a  distance  above  the  muziles  that  when  the  plu^  of  oiw 
rod  is  at  the  boUom  of  its  barrel,  that  of  the  other  may  be  juM  within  the 
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mnEzle  of  the  other  barrel.  Now  lel  tliKt  tnugket  with  whose  breach  the 
plug  of  its  ramrod  is  in  contact  be  fint  fired,  and  the  rod  will  inatantly  be 
forced  like  a  bullet  up  the  barrel,  and  by  iu  connection  with  the  beam 
will  cause  the  other  rod  to  descend.  The  musket  in  which  this  last  rod 
moves  is  then  in  its  turn  to  be  iired  and  the  rod  forced  up  in  the  same  way. 
Thus  the  operatioa  is  conunued.  The  reciprocadng  motion  of  the  beam 
is  converted,  if  required,  into  a  continuous  rotary  one  bymeansof  acrauk 
or  soine  aoalogous  device. 

En^nes  on  this  plan  have  not  succeeded,  nor  is  there  any  probability 
of  their  success.  There  are  apparently  insuperable  objections  to  tliem, 
but  which  need  not  here  be  detailed.  The  explosion  of  gunpowder  has 
therefore  been  more  frequently  employed  to  produce  a  pwdal  vacuum  in 
a  cylinder  when  its  piston  is  raised,  in  order  to  excite  the  pressure  of  the 
atmosphere  to  force  it  down.  Suppose  one  or  more  openings,  covered  by 
valves  or  flaps,  were  made  near  the  upper  ends  of  the  muskets  mentimiei] 
above,  i.  e.  just  beneath  the  pistons  or  plugs  of  the  ramrods  when  at  the 
highest  point  in  the  barrels,  and  tlie  powder  exploded  when  they  are  in 
that  position  :  the  sudden  expansion  would  drive  out  throng  the  valves 
most  of  the  air  previously  in  the  barrel,  the  valves  would  instantly  close, 
and  the  atmosphere  would  push  down  the  rod  and  thus  raise  the  other; 
which  in  its  tnm  might  be  caused  to  descend  by  exploding  the  cbaiva 
under  it,  and  so  on  continually.  Instead  of  openings  in  the  cylinders  for 
the  escape  of  the  air,  some  experimentera  have  mode  large  openings  in 
the  pistons  and  covered  them  with  Baps,  (like  the  suckers  of  cM>miiKm 
pumps)  so  diat  when  the  explosion  ceased  the  flaps  closed  and  preveMed 
the  air's  return.  Others  have  used  solid  pistons  end  removed  the  bottoms 
of  their  cylinders,  and  covered  the  openings  with  leather  flaps  so  as  to 
operate  as  valves  and  give  a  freer  exit  to  the  air  and  heated  ^ases.     This 

fl  the  plan  adopted  by  Mr.  Morey.     Papin  used   boUow  pistons.     The 

:uum  produced  in  thts  manner  by  gunpowder  has  always  been  very 
imperfecL  Instead  of  obtaining  a  pressure  of  14  or  IS  pounds  on  the  inch, 
Papin  could  not  realise  more  than  six  or  seven. 

Gunpowder  has  also  been  applied  to  raise  water  diFe<H]y,  by  exfrfoding 
it  in  close  vessels  like  the  receivers  of  Savery,  with  a  view  to  expel  their 
contents  by  its  expansive  force,  and  also  to  produce  a  vacuum  in  order  to 
charge  them-^but  with  no  useful  result. 

Explosive  mixtures,  formed  of  certain  prc^mrdons  of  an  inflammable 
gas  and  common  air,  have  been  found  to  prodace  a  better  vacuum  than 
gunpowder ;  for  a  volume  of  air  equal  to  that  of  the  gas  used  is  displaced 
from  the  cylinder  by  the  entranoe  of  the  gas  previous  to  every  explosiiHi, 
and  when  this  takes  place  nearly  the  whole  of  the  remaining  air  is  expelled. 
As  yet,  however,  the  best  of  explosive  engines  have  had  but  an  ephemeral 
existence.  Besides  other  disadvantages,  the  heat  generated  by  the  flame 
attending  the  explosion  expands  the  air  that  reinaiDS,  so  as  to  diminish 
considerably  the  efleoL 

Of  vapor  engines,  the  most  promising  at  one  time  were  those  in  whidi 
the  moving  foroe  was  derived  from  ether  and  aloohol.  The  former  boils 
at  about  blood  heat,  or  98^  of  Fahrenheit's  scale,  and  the  latter  at  174^^, 
while  water  requires  313°.  The  vapor  of  alcc^ol,  it  has  been  stated, 
exerts  double  the  foroe  of  steam  at  the  same  temperature ;  and  if  to  this  it 
be  conceded  that  the  same  quantity  of  fuel  produces  equal  temperatures 
on  both  alcohol  and  water,  then  the  former  would  seem  to  be  more  econo- 
mical than  than  the  latter.  Moreover,  iu  consequence  of  the  different  spe- 
.  cific  gravities  of  water,  alcohol  and  ether,  the  cost  of  vaporizing  «qua] 
-volumes  of  each  varies  in  a  stilt  greater  ratio  than  their  boiling  pointy-* 
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tfaii  coat  being  as  the  nnmbera  II,  4,  2 — t1n»  nuking  the  scale  preponde- 
nto  still  mora  in  favor  of  elcofaol  and  ether.  Why  tben,  it  mftv  be  asked, 
have  they  not  superseded  water  1  Principally  because  the  different  vo- 
lumes of  vapor  from  equal  quantitiei  of  the  three  liquids  tarn  back  the 
scale  in  favor  of  steam.  A  cubic  inch  of  water  affords  1800  cubic  inches 
of  steam,  while  a  cubic  inch  of  alcohol  produces  about  600  and  ether  only 
300  inches ;  hence  the  expense  of  producing  equal  volMtnet  of  vapor  (and 
that  is  the  main  point)  is  actually  in  favor  of  steam.  It  has  therefore  been 
deemed  more  economical  to  use  this  fluid  than  the  others,  even  if  they 
were  equally  chesp — to  say  notlung  of  the  danger  arising  from  such  an 
employment  of  highly  inflammaUe  liquids,  and  tbe  practical  difficulties 
attending  their  application. 

In  1791,  Mr.  John  Barber  obtained  a  patent  for  an  explosive  motive 
engine ;  he  used  gas  or  vapor  from  "  coal,  wood,  oil,  or  any  other  com- 
bustible matter,"  which  he  distilled  in  a  retort,  and  "  mixed  with  a  proper 
quantity  of  atmospheric  or  common  air."  See  Repertory  of  Arts,  vol,  riii, 
371.  Another  patent  was  issued  in  1794  to  Robert  Street,  for  an  "  in- 
flammable  vapor  force,"  or  explosive  engine.  He  exploded  spirits  of 
tar  or  turpentine  mixed  with  common  air  under  a  piston,  and  forced  it 
entirely  out  of  tbe  cylinder,  into  which  it  was  again  returned  (by  its  own 
weight]  and  guided  by  grooves  in  the  frame  work.  Repertory  of  Arts, 
vol.  I,  154.  In  1807,  a  patent  was  granted  in  France  to  M.  De  Rivaz,  for 
another,  in  which  hydrogen  and  common  air  were  mixed  and  exploded. 
De  Rivsx  moved  a  locomotive  carriage  by  the  power  he  thus  derived. 
He  also  inflamed  the  gaseous  mixture  by  the  electric  spark.  Dr.  Jones, 
in  1814,  made  experiments  on  another.  See  Journal  of  the  Frvnklin  In- 
Btitnta,  vol  i,  2d  series,  pa^  18.  Mr.  Cecil,  in  1820,  published  in  the 
Transactions  of  the  Camondge  Philosophical  Society,  (Eng.)  a  description 
of  an  explosive  engine  of  considerable  merit. 

In  1825,  Mr.  Brown,  of  London,  patented  his  pneumatic  or  gas  vacuum 
engine.  The  very  sanguine  expectations  it  excited  bave  now  died  away. 
It  IS  figured  and  aescribed  in  too  many  works,  both  Engliah  and  Ameri- 
can, to  require  insertion  here.  In  1826,  Mr.  Morey,  of  New  Hampahire, 
patented  an  explosive  en^ne,  and  soon  af^r  exhibited  a  large  working 
model  in  this  city,  (New  York)  which  we  took  several  opportunities  to 
examine.  The  piston  rods  of  two  vertical  and  open  cylinders  were  con- 
nected to  the  opposite  ends  of  a  vibrating  beam.  The  pistons  were  made 
of  sheet  copper,  in  the  form  of  plungers,  about  nine  inches  diameter,  and 
were  made  to  work  air-tight  by  means  of  a  Strip  of  oiled  listing  or  cloth 
tied  round  the  upper  ends  of  the  cylinders.  This  was  all  the  packing. 
Mr.  Morey  employed  the  vapor  of  spirits  of  turpentine  and  common  air. 
A  small  tin  disk  contained  the  spirits,  and  the  only  heat  he  used  was  from 
a  common  table  lamp.  By  means  of  a  crank  and  fly-wheel  a  rotary  move- 
ment was  obtained,  as  in  the  steam-engine. 

A  singular  device  for  making  the  atmospheric  changes  of  temperature 
a  means  for  raiMog  water,  was  devised  by  M.  Woisard.  It  consisted  of 
two  vessels,  one  Uiove  the  other,  connected  by  a  tube.  The  lower  one, 
having  a  valve  in  it*  bottom,  was  placed  in  the  water  to  be  raised.  Tbe 
upper  vessel  was  exposed  to  the  sun's  heat,  and  within  it  was  a  hag  or 
■mall  balloon  containing  air,  and  a  little  ether,  or  other  volatile  liquid. 
"  As  the  atmospheric  temperature  falls,  the  balloon  will  diminish  in  bulk, 
ihe  surrounding  air  will  become  rarer,  and  the  water  will  introduce  itself 
into  the  machine  through  the  valve ;  and  when  the  temperature  again 
rises,  the  pressure  exerted  within  the  machine  by  the  inereaslne  volume 
of  the  balloon,  will  cause  the  excess  of  water  to  flow  out"  With  the  ex< 
60 
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cepdon  of  die  other,  diia  derica  w  •  modifiestion  of  tb»  w  dm^Idm  No*. 
174  ud  175,  fibred  U  pago  380. 

The  v^wr  of  nwrou^  baa  been  tried  a*  k  rabadtnta  bt  Meein,  bat 
widioat  maeti  eacceH.     lliM  meUl  boil*  at  660°. 

Another  aouroe  (^  power  haa  bees  aaught  in  the  treBendoui  forec  with 
irinah  the  licpefiod  aad  (olidified  gaeea  expand  at  eorainon  tempentare*. 
Liquid  iMrbonie  acid,  at  tlto  low  iempeT*ture  of  3SP,  has  been  found  to 
esert  a  foreo  «()Divalent  to  thirty  fire  atmoa^^m !  and  every  iocrMnent 
of  heat  addi  to  >t>  energy.  No  rcry  practtcal  nwde  of  cmployiDg  thia 
force  «a  a  meckatitcal  agent  has  yet  been  matured. 

The  alternate  decomposition  and  reoompoaitian  of  water  bos  also  been 
■UEgeated.  By  decomposing  this  liquid  by  galvanic  electricity,  oxygen 
MM  Wdrogen  gaaea  are  proaocad  in  the  exact  proportions  in  which  they 
cenhine  in  water.  If  these  saMS  be -made  to  oocupy  the  interior  of  a 
OTlinder  when  Ae  piston  is  raised,  and  the  eleolria  spanc  be  then  passed 
dirongli  them,  they  instantly  become  condensed  into  a  few  dropa  of  water, 
and  an  almost  permct  vaeaum  is  the  result,  when  the  atmosphepe  acta  on 
the  piston.  The  water  is  then  to  be  veoonveited  into  its  conatitueiu  gases, 
and  the  operation  repeated.  See  "  The  Chemist,"  for  1SS6.  For  further 
and  more  recent  information  reapeeting  motive  engines,  consult  the  Re- 
panoryofAns,  Hebert's  Recisteraf  Arts,I<endoB'ldechaa)cs' Uagaiinet 
■ad  tM  Journal  of  the  Ftankfin  Iimtitaia. 
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HOTEL  DEVICES  FOR  BAI3ING  WATEB,  WITH  AN  ACCOUNT  OF 
SIPHONS,  COCKS,  VALVES,  CLEFSYDKiE,  Ac  &e. 


CHAPTER    I. 


■—ThUii  kM  U^iMt-WUMk 


In  this  book  vrt>  propose  to  nodee  lome  device!  for  raising  water  that 
are  either  praeticaltv  uaeful,  or  interesting  from  their  norelty  or  the  prin- 
ciples upon  which  tney  act  An  account  of  siphoni  is  added,  and' also 
remnrka  on  cocks,  pipes,  valTos,  and  other  davicei  connected  with  practical 
hydraulics. 

>  A  fluid  moving  in  contact  with  aitother  that  is  comparatively  at  rest^ 
dngs  ah>ng  those  partielcs  which  it  touches,  and  theae  by  their  mntua] 
adhenon  carry  their  neighbors  with  them;  the  latter  also  c — — — 


the  impulse  to  others,  and  these  to  more  distant  ones,  until  a  large  maaa 
of  die  fluid  on  both  sides  of  the  motive  enrrent  is  put  in  motion.  Whatever 
may  be  the  process  by  which  this  is  effected,  or  by  whatever  name  the 
-principle  involved  may  be  called,  (lateral  comtnuni cation  of  motion  or  any 
other)  there  is  no  question  of  the  fact.  The  operation  moreover  is  not 
'  confined  to  any  particular  fluid,  nor  is  it  necessary  that  the  one  moved 
■hoald  be  of  the  same  nature  a*  the  mover:  thns  air  in  motion  moves 
water  and  other  liquids  a«  well  as  air,  and  aqueous  currents  impart  motion 
to  aeriform  fluids  as  well  as  to  standing  waters.  A  stream  of  wind  from 
a  bellows  bears  with  it  the  atmospheric  particles  which  it  touches  in  its 
paasaKe  to  the  fire — i.  e.  it  sweeps  along  with  it  the  lining  of  the  aerial 
tnbe  throurii  which  it  is  urged.  Blowmg  on  a  letter  sheet  to  diy  the  ink, 
or  on  scalding  food  to  cool  it,  brings  in  contact  with  these  snbstaneea 
streams  of  other  air  than  what  issues  from  the  thorax.*  The  opentiona 
by  which  the  man  in  the  &ble  blew  hot  and  cold  "out  of  the  same  mouth" 

■  Dou  not  the  ain«  prinerpla  peribrm  an  imporUnt  wt  in  rMpiratinn  t — the  langs 
nni  haiiw  Hhotly  iaflaUd  by  air  direetlj  in  Iront  of  taa  lipt,  when  particlei  ot  that 
ihaled  might  itiU  imgtt,  bat  alw  by  enmnti  flowing  in  from  all  lidat  oT 


pTarioaaJj' 
■be  BMUtoi 


„glc 


476 


TIte  Ihmie. 


[BookV. 


may  here  be  eEplainrd  ;  in  the  (irtt  cue  the  hollow  handt  cloaelj  encom- 
passed the  mouth  and  received  the  warm  air  from  hia  chest;  in  the  latter, 
ni*  food  Was  at  a  distance  from  his  lipi,  and  consequently  the  beat  of  hia 
breath  waa  absorbed  by  the  surrounaing  air  and  that  which  was  carried 
along  with  it  to  his  soup, 

A  blast  of  wind  directed  over  the  sur&ce  of  a  placid  pood  or  lake  not 
only  creates  a  current  on  the  latter,  but  sometimes  bears  away  pan  of  the 
water  with  iL  A  Teste!  sailing  before  the  wind  is  aided  in  her  coarw, 
though  it  may  be  but  slightly,  by  the  liquid  correut  produced  on  the 
ocean's  surface.  Storms  of  wind  long  continued  heap  up  the  sea  against 
the  mouths  of  rivers,  and  cause  them  to  overflow  their  ranks,  while  low- 
tides  often  result  from  the  same  agent  driving  the  ocean  away  in  opposite 
directions.  These  effects  of  wind  were  observed  in  remote  ages.  "  He 
miselh  the  stormy  wind  which  lifieth  up  the  waves."  The  river  Jordan 
was  "  driven  back  "  by  wind,  so  that  "  all  the  Israelites  passed  over  on  dry 
ground."  By  its  agency,  a  passage  for  the  same  people  wvs  opened 
through  the  Red  Sea.  "And  Moses  stretched  out  his  handover  the  sea, 
and  the  Lord  caused  the  sea  to  go  back,  £y  a  ttrvng  eatt  m»d  aU  that 
iiighl,  and  made  the  sea  dry  land,  and  the  waters  were  divided."  Exodus 
xiv.  21. 

On  the  other  hand,  rivers  and  water-falls  bear  down  it 


r  with  them.  Strata  of  this  fluid  on  the  surfaces  of  rapid  streams  ac- 
quire a.  velocity  equal  to  that  of  the  laUer,  and  in  some  places  aerial  car- 
rents  thus  produced  are  very  sensible.  At  Niagara  they  are  sufficient  to 
drive  milts  or  supply  blasts  for  a  long  line  of  fiirges.  In  1829,  while  as- 
cending the  path  on  the  Canadian  side,  in  order  to  pass  under  the  grand 
chute,  we  entered  suddenly  into  one  of  those  invisible  currents  under  the 
Table  Rock,  and  were  nearly  prostrated  by  it.  It  is  the  ascent  of  this  air 
loaded  with  minute  pHiticles  of  water,  (which  are  borne  up  by  it  in  the 
same  ntanner  that  it  is  itself  carried  down)  that  contributes  to  the  forma- 
tion of  the  solar  and  lunar  rainbows  seen  at  the  great  North  American  and 
other  cataracts.  Heavy  rains  bring  down  oceans  of  air,  and  in  the  shower 
bellows,  or  trombe,  blasts  of  wind  are  produced  on  the  same  principle. 
Could  we  tte  the  air  brought  down  by  heavy  showers,  we  should  behoM 
it  rebounding  from  the  earth,  sometmng  like  smoke  when  driven  against 
a  wall  or  any  other  plane  surface. 

As  the  trombe  illusQvtes  this  part  of  our  subject, 
a  Ggure  of  one  may  as  well  be  given.  The  pipe  A 
discharges  water  from  a  reservoir  into  a  funnel  placed 
on  the  vertical  tube  C.  The  end  of  A  terminates 
in  the  funnel,  and  oppoute  to  it  is  made  a  number 
of  openings  in  C,  two  of  which  are  shown  in  the  cuL 
The  lower  end  of  C  enters  the  close  vessel  D,  and 
discharges  its  contents  on  a  stone  placed  directly 
under  iL  As  the  water  from  A  passes  down  C,  it 
draws  air  along  with  it  through  the  top  of  the  futmel, 
and  also  through  the  holes  in  the  upper  part  of  C. 
As  the  liquid  dashes  against  the  stone,  the  ur  sepa- 
rates and  rises  to  the  top  of  the  vessel,  whence  it  ia 
forced  by  successive  volumes  through  B  to  the  fir«, 
while  the  water  collects  at  the  bottom  and  is  let  off 
by  a  regulating  valve  or  cock.  This  machine  it  will 
be  perceived  is  a  miniature  imitation  of  some  of  na- 
ture's operations ;  for  cascades,  water-falls,  and  tdaa 
heavy  ihowers  of  nun,  ore  all  natural  U 


■'^'S'^ 


Clup.  1.]  Ch^  atream.  477 

The  trombe  is  of  considerablo  uitiqiiity.  It  was  known  to  HeroD,  and 
i«  referred  to  in  Pliny's  Natural  History.  Kircher  has  given  several  Sgurea 
of  it.  See  torn,  i,  £03,  of  his  Mundua  SublerraDeut,  and  toni.  ii,  pp.  310. 
347,  of  his  Muaureia  UniTersalia ;  in  which  last  work  he  shows  its  appli- 
cation to  supply  wind  to  orgaDS,  and  by  discharging  the  water  from  the 
bottom  of  the  vessel  upon  a  wheel  he  imparted  motion  to  tlie  keys  of  those 
instrumenlB.     See  also  Phil.  Trans.  Abndg.  vol.  i,  498. 

Liquids  raised  by  currents  of  air  may  be  illustrated  by  operations  in 
common  life.  Whenever  water  in  a  well  settles  to  a  level  with  the  orifice 
of  the  pump  pipe,  air  rushes  in  (on  the  ascent  of  the  sucker)  and  sweeps 
up  with  it  portions  of  the  liquid  in  the  form  of  dense  raia.  On  the  same 
principle  people  are  enabled  to  taste  scalding  liquids.  The  next  time  the 
reader  sips  hot  soap,  or  tea,  or  coffee,  he  n-ill  find  himself  involuntarilv 
keeping  the  edge  or  rim  of  the  spoon  or  vessel  a  short  distance  from  his. 
mouth,  and  protruding  his  lips  Ull  the  upper  one  projects  a  little  over  the 
edge  :  then  drawing  in  his  breath,  the  entering  air  rippUt  the  surface  of 
the  liquid,  and  by  its  velocity  bears  broken  portions  along,  precisely  tike 
the  pump  just  mentioned.  The  liquid  particles  being  thus  mixed  with 
oompanitively  large  volumes  of  cool  air,  are  so  reduced  in  their  tempera- 
ture as  to'  be  received  without  injury  and  without  inconvenience.' 

Water-spouts  appear  to  be  charged  in  much  the  same  way,  whatever 
may  be  ihe  active  agent  in  the  furroation  of  these  singular  phenomena ;  for 
the  sea  immediately  under  their  orifice  has  often  been  observed  to  babble 
or  boil  violently,  and  rise  into  the  spout  in  disjointed  masses. 

A  stream  of  water  directed  into  or  through  a  body  of  the  »ame  liqitid, 
also  communicates  motion  to  those  particles  of  the  latter  that  are  in  contact 
with  or  B^jacent  to  the  current.  Examplesof  this  are  furnished  in  several 
of  nature's  hydraulic  operations.  That  constant  oceanic  current  produced 
by  the  trade  winds  is  one.  It  sweeps  round  the  globe,  but  is  deflected 
and  divided  by  the  varying  configurabon  of  the  lands  that  lie  in  its  way. 
Under  the  torrid  zone,  it  passses  throngh  the  Pacific  and  Indian  oceans, 
whirls  round  the  southern  point  of  Airica,  inclines  to  that  continent  in 
again  approaching  the  equator,  then  stretching  across  the  Atlantic  is  di- 
vided by  the  Soudi  American  coast — one  part  turning  northward  to  the 
Oulf  of  Mexico — thence  this  last  division  issues  as  the  Gtdf  Stream,  and 
being  turned  in  an  easterly  direction  by  the  coast  of  the  I^ited  States,  it 
bears  away  past  the  banks  of  Newfoundland,  and  extends  its  influence  to 
Ireland,  Iceland,  Norway  and  the  Nordi  Sea.  This  mighty  current  not 
only  draws  with  it  the  liquid  channel  through  which  it  flows,  but  the  ocean 
for  leagues  on  each  side  is  carried  along  with  it,  or  follows  in  its  train ; 


lainljr  h**«  enabled  inveDlors  to  btve  sniicipilsd  matij  ouful  discoverisi.  Ws  hovs 
ia  ■  pfscadiiia  book  oboervMl  that  the  motuh  ii  altsn  employed  as  a  toiciag  pump  in 
ejeeuaf  liqnids,  and  m  a  luckiug  one  when  drawing  them  itvonxb  sipbaua.  or  ihroa|^ 
aimple  tubes.  We  have  jnit  seen  haw  it  raises  hot  liquids  by  inyimg  s  sETesm  ot  bit 
over  ibem,  and  machine!  on  the  uino  principle  bare  been  made  to  nise  water.  It  is 
often  used  as  s  bellowi  lo  kindle  Eras,  and  evarj'  bodjr  emploj'i  it  to  cool  hot  Tictnits 
br  blowing.  It  even  acti  ai  s  aloTe  to  warm  our  frozen  Sngen.  bj  giTiiw  oat  healad 
-'"  Hsnj  make  B  condeiuing  sir-pump  of  it  ■- o" '•i-jj—  .;..h.J.  .i-r.ir.Tiiiin™.! 
M  malta  an  eihsuitiug  one  of  it,  and  in  ill 

•  il  perform  the  pan  of  a  fifa,  ■ 

I  to  shoot  bullets  and  arrowa  fri ... 

implored  in  smoking  a  pipe  of  tobacco,  we  mi  in  opantion  the  ideatieal 

^.....p. .-ereoung  the  draft  onacomotivachimneyi  bv  eibaoition— i.  a.  ■  snckinf 

appatatiH  is  applied  lo  that  extremilj  of  the  flue  that  Is  the  farthest  Irora  the  fire— adavica 
patentad  in  Europe  a  few  </etn  sgo. 
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mnd  thus  it  is  inccMaDtly  cransfemng  h>  ttortheni  latitude*  the  wamt  wfttars 
or  the  equinoctial  region*.* 

The  votumes  of  water  which  shoot  from  the  mootha  of  the  Amazon, 
Oroaoco  and  Mississippi,  continue  with  sJmoit  UDabated  velocity  for  league* 
into  the  sea,  and  impart  motion  to  the  contiguous  portions  of  the  latter, 
which  are  compelled  to  accompany  them  in  their  course. 

A  current  of  water  not  only  imparts  motion  in  this  manner  to  a  mass  of 
the  same  liquid  when  on  a  level  with  itself,  but  it  may  be  applied  to  raue 
water  from  a  htoer  lead.  This  al  first  sight  does  ikot  appear  very  obvious, 
A  person  having  a  field  which  he  is  unable  to  drain  for  want  of  a  place 
of  discharge  sufHciently  low  for  the  purpose,  would  hardly  think  his  object 
could  he  obtained  by  passing  a  rapid  stream  into  it  from  a  higher  level. 
To  some  farmers  this  would  seem  the  most  direct  way  to  deluge  the  land; 
yet  the  thing  is  not  only  possible,  but  in  some  cases  quite  easy,  as  will 
appear  from  the  following  experiments  made  by  M.  Venturi  in  1707. 

From  the  lower  part  of  the  cistern  D,  No.  199,  a  horizontal  tube  pro- 
ce«ded  into  the  vessel  A  C.  The  water  in  D  was  kept  at  33J  inchea 
above  the  centre  of  the  pipe.  Opposite  and  at  a  short  distance  from  the 
pipe  wa«  placed  the  mouth  of  an  inclined  rectangular  channel  or  gutter, 
open  at  top.  The  water  issuing  from  the  pipe  rushud  up  this  chbnnel,  and 
was  dischiLTged  at  B ;  but  as  it  entered  the  guiter,  the  current  dragged  in 
with  it  the  content*  of  A  C,  until  the  surface  sunk  from  A  to  C.  From 
this  experiment  it  is  obvious  that  land  on  a  low  level,  as  at  C,  might  be 
drained  in  this  manner,  and  the  water  discharged  above,  as  at  B,  where- 
ever  a  moiive  current  could  be  obtained.  Vemuri  applied  the  principle 
with  succesB  to  sonte  marshy  land  belonging  to  the  public. 

In  the  next  experiment  both  air  and  water  are  moved  by  the  cnrrent, 
auid  the  pressure  of  the  atmosphere  excited  to  raise  water  as  in  the  pipe 
I  of  a  piimp.    The  cylindri- 
cal tube  K  (No.  200)  waa 
%  A  connected  to  a  reservoir 
g^^^^    of  water,  D,   the  surface 
'    as  before  being  32^  inches 
above  its  orifice.  The  pipe 
K  was  18  lines  indiaoteler 
and  57  long.  A  glass  tube 
A  B  was  connected  to  it* 
upper  surface  at  the  dis- 
tance of  eight  lines  from 
its  junction  with  the  reser- 
Nd.  in.                              [»  aw.            voir.     The  other  end  of 
the  glass  tube  descended 
sel,  T,  containing  a  colored  liquid.    When  water  flawed  throu^ 

•  FloBlia^  RubBtsnccs  hsTS  oAcn  b«an  ihrono  into  the  Gnir  Btreim  10  ucartBiii  its 

.         . -,  B  gentleimn  ia  LomJon,  and  in 

open  nole  in  En^lixK  and  FFeitch.  requMting  the  linder  la  put  the  letter  into  Ihe  nesreit 
)>o<l-oiBce,  American  or  European,  and  also  t.  meinurandum  of  the  circumnUDcei,  data 
and  place  of  its  dlscoveiy.  Precisely  eleven  months  from  ihe  day  the  Ixrttis  wis  coin- 
mitted  to  tKe  deep,  ihe  letter  wu  delivered  by  the  postman,  and  accompanied  wiih  an- 
Olher  from  an  Iriiti  clergjmian.  Tlw  Irngite  vessel  flnated  sarely  sihore  near  Sligo.  Ju 
"■■'"- ---■--•-<- ' lebon 


y 


little  pennon  excited  Ihe  attention  of  a  pesnnt,  who  broke  the  bottle,  sod  ni 
whil  to  make  of  the  coitlenta,  carried  the  whole  ta  hii  prieit.  Thii  gentleman  politelj 
forwarded  Ihe  letter  to  its  denlinaUaii,  and  wrote  another  coolalning  Uie  parlicuUn  just 
roentioned.  Both  leilers,  we  believe,  were  laid  before  the  British  Admirilij  by  tba  gnn- 
Ueman  to  whom  ibey  were  sddressed. 
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K  it  dtmggai  tlta  kir  U  the  mouth  of  th«  glus  tube  with  It,  thfi  remainbg 
air  dilued,  uid  fioaUy ,  the  whole  waa  carried  out  with  the  efflueot  water, 
and  the  colored  liquid  nue  to  the  height  of  24  incbes  Id  A  B.  The  glasa 
tube  wu  theu  ebortaned  to  ahom  22  inchei,  when  the  contenta  of  T  rota 
up  and  were  discharged  from  K.  In  another  experiment  K  was  placed 
in  nearly  a  perpendicular  poaition,  being  inclined  a  little  that  the  jet  might 
not  &11  hack  on  iuelf,  but  the  liquid  roae  through  A  B  as  before.  The 
end  of  A  B  where  it  joined  K  waa  flush  with  the  interior  Burface  of  the 
latter.  Several  unall  holea  were  made  round  K;  tbe«e  dimiiiished  the 
velocity  of  the  iaauing  current,  but  no  water  escaped  through  the  openioga. 

There  ia  a  aingular  iact  relating  to  the  diecbarge  of  liquids  from  different 
shaped  ajutages  t  for  example,  more  water  flows  through  a  short  tube  than 
through  a  simple  orifice  of  the  same  diameter.  A  circular  opening,  of  the 
same  diameter  as  the  bore  of  K  in  the  last  figure,  waa  made  in  a  sheet  of 
tin,  and  the  latter  attached  to  a  cistern  in  which  the  water  waa  kept  at  a 
constant  altitude  of  32}  iuchea :  now  while  four  cubic  feel  of  water  escaped 
through  the  opemagio.  ^l.aeconds,  an  equal  quantity  passed  through  E.  in 
31  seoanda;  and  when  the  length  of  K  waa  only  twice  ita  diameter,  the 
quandty  diacharged  waa  atill  greater. 

But  the  quantity  discharged  may  be  still  further  increased  if  the  end  of 
K  next  the  reservoir  be  made  to  assume  the  form  of  the  cotdracUd  vrvt. 
This  term  ia  used  to  designate  that  contractioD  which  a  liquid  column  un- 
dergoes  when  escaping  through  an  oriflce,  or  when  entering  a  lube.  Sup- 
pose an  aperture,  an  inch  In  diameter,  made  in  the  bottom  of  a  bucket  or 
a  cauldron,  and  cloaed  by  a  plug.  Then  fill  the  vessel  with  water,  and 
withdraw  the  plug.  Upon  exammation  the  descending  column  will  be 
found  contracted  or  lapered  for  a  abort  diatance  below  the  orifice,  viz. 
half  an  inch,  or  half  the  diameter  of  the  orifioe.  The  area  of  the  section 
of  the  amalieat  or  most  contracted  part  will  be  to  the  orifice  as  10  to  16 
according  to  Boasut,  hut  when  a  abort  cylindrical  tube  was  applied  to  the 
orifice,  he  found  the  coatractioo  aa  10  to  12.3.  (The  aame  thing  occurs 
whether  the  opening  be  made  in  the  aide  or  bottom  of  a  veatel.)  Hence 
hy  enlarging  the  end  of  R  next  the  reservoir,  in  the  proportiooa  named, 
the  conttactton  within  the  cylindrical  part  of  the  tube  would  be  ayoid^ 
and  the  diacharge  oonaequeutly  increased. 


By  aubstituting  for  K  a  compound  tube  of  the  fomn  and  propordong 
figured  at  No.  201,  the  quandty  discharged  has  been  ascertained  to  be 
more  than.doubled,  being  to  that  delivered  by  the  orifice  in  the  tin  plate 
aa  2i  to  10 1     A,  the  cistern;  B,  a  abort  conical  tube  connecting  the  cylin 
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drickl  one  to  tlie  conical  fniatrum  C  D.  Supponng:  the  dimmeter  of  C 
to  be  unity  or  1,  that  of  D  should  be  1.8,  and  tbe  diBtance  between  tbem 
9.  The  increased  discharge  ceaaes  when  the  cylindrical  pan  of  tlie  tube 
B  C  is  of  considerable  length,  and  of  tbe  same  bore  as  the  amaller  end 
of  C  D. 

'  A  tube  of  the  form  represented  at  No.  303  was  applied  by  Ventun  to 
the  same  reservoir,  the  depth  of  water  in  which  was  also  kept  at  38} 
inches.  Three  glass  tubea,  ABC,  were  connected  to  die  under  Mde  of 
the  pipe,  and  their  lower  ends  inserted  into  a  vessel  containing  mercury. 
When  water  flawed  through  the  pipe  the  mercury  rose  5'i  lines  in  A,  20 
in  B,  and  7  in  C.  These  quantities  correspond  with  63  inches  of  water 
in  A,  24  inches  in  B,  and  8  in  C.  The  lengiii  of  the  pipe  should  not  ex- 
ceed four  times  the  diameter  of  its  smaller  end,  and  its  sides  should  not 
diverge  from  each  other  more  than  what  is  required  to  form  an  angle  of 
from  three  to  four  degrees.  By  this  principle  it  will  be  perceived,  that 
water  may  also  be  raised  from  a  lower  level  and  discharged  at  an  upper 
one,  and  in  many  situations  it  might  doubtless  be  adopted  with  advantage. 
See  Nicholson's  Journal,  vol.  ii,  and  Hachette's  Trait^  Elementaire  des 

Different  causes  have  been  assigned  for  the  increased  discharge  of 
liquids  through  conical  tubes.  One  ia  certainW  to  be  found  in  the  material 
of  which  they  are  made ;  for  wben  formed  of  or  lined  with  any  substance 
that  repels  or  refuses  to  coalesce  or  be  wetted  with  the  effluent  water,  aa 
was,  tallow,  fcc.  the  eficct  ceases.  The  phenomenon  therefore  depends 
upon  the  attraction  and  adhesion  of  the  liquid  to  the  sides  of  the  tubes, 
which  sides  exert  a  capillary  force  in  drawing  the  particles  of  the  liquid 
towards  them,  bo  as  not  only  to  prevent  its  assuming  the  figure  of  the  con- 
tracted vein  when  entering  the  tube  No.  iiOS,  but  also  drawing  the  particle! 
to  the  diverging  aides  of  the  dischai^ng  ajutage. 

A  knowledge  of  the  increased  discmree  of  liquids  from  conical  tubes 
has  led  some  persons  to  take  advantage  of  the  fact,  to  the  serious  iigury 
of  others.  We  have  heard  of  the  purchaser  of  a  water  power,  who  ac- 
cording to  the  covenant  was  to  connect  his  mill-race  with  the  dam  by  a 
trade  of  a  certain  specified  bore  at  the  junction.  This  he  did,  but  making 
the  sides  of  the  trunk  diverge  as  in  the  lest  figure,  the  proprietor  of 
tbe  dam  was  astounded  to  find  the  water,  as  if  moved  by  instinct,  giving 
the  new  channel  the  preference,  and  unaccountably  persisting  in  rushing 
through  it  with  a  velocity  that  threatened  to  drain  the  well  supplied  reser- 
voir, and  leave  his  own  mill  to  take  its  rest.  This  increased  discharge  is 
not  confined  to  tubes  of  a  cylindrical  or  conical  form.  The  walls  of  the 
channel  may  be  straight,  and  its  sectiDn  may  be  a  square,  a  triangle,  &c. 
«s  well  as  a  circle. 

There  is  some  reason  for  believing  that  overreaching  in  this  way  is  not 
wholly  a  modern  discovery.  No  city,  ancient  or  modern,  was  perhaps 
ever  supplied  with  water  in  greater  profusion  than  old  Rome ;  yet  the  con- 
tents of  her  aqueducts  were  meted  out  with  economy,  and,  aa  in  modern 
times,  a  revenue  was  derived  from  the  sale  of  the  water.  The  superin- 
tendence of  the  aqueducts  and  of  the  distribution  of  the  liquid  through  the 
streeta  and  houses  were  always  intrusted  to  a  citiien  of  rank  and  talents. 
The  celebrated  Frontinm  held  the  ofEce  under  Nerro,  by  whose  directions 
he  wrote  two  books  on  the  water-works  of  Rome,  The  times  of  their  erec- 
tion, districts  of  the  city  supplied  by  each,  the  number  of  public  and  pri- 
vate fountains,  quantities  of  water  discharged  from  different  sized  orifices, 
&c.  From  him  we  learn  that  numerous  frauds  were  practiced  in  obtaining 
more  than  the  assigned  quanti^  of  the  liquid,  one  of  tbe  means  for  pre- 
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Tenting  whicli  vu  tli'ia ;  when  k  pipe  for  the  eappljr  of  a  home  wu  to  be 
eonnected  to  the  ceileUum  or  retervotr,  (wliich  received  the  water  from 
one  of  the  aqueducts)  k  hmu  eaUx,  or  ihort  bent  tube,  (probably  the  same 
u  the  modern  ones  which  connect  the  lateral  pipei  to  the  maim)  wba  de- 
livered by  the  officer  in  charge  to  the  workmen,  u>  iniert  into  the  castellum; 
and  It  waa  enacted  that  the  oore  of  the  cylindrical  leaden  pipe  should  be 
the  same  u  that  of  the  calix  for  at  least  J^y  fett  from  the  castetlum.  It 
is  therefore  pretty  clear  that  Roman  en^neers  were  aware,  that  the  in- 
creased discharge  through  enlarged  orifices  ceases  when  n  considerable 
length  of  pipe  of  the  same  bore  as  the  calix  intervened. 


CHAPTER    II 


bf  iba  liBpalH  of  Aa  wtad— Vkiub  pndiKad  k]f  iiiiias 
■d  !■  b»H>— Fin  |ruu  tai  pmbelki  Juts— Eipfri- 
rltk  carrtnla  of  ftlr  tttrfrofb  vdIhi  TftHiHul)' ctnaoGiBd — 
« to  bhiwiiic  tlbw— AppliHtioi  sT  tk*H  tibs*  is  iiienua  the  dnft  iiriUiiiujw 


Correnta  of  air  and  other  elastic  fluids  may  be  employed  to  raise  water 
in  a  manner  different  &om  any  yet  noticed ;  i.  e,  not  by  any  modificatim 
of  the  lateral  communication  of  motion,  nor  by  breaking  the  liquid  into 
minute  particles  by  the  motive  fluid  mixing  with  them,  but  by  the  remoeal 
or  dimiiuilion  of  atnatpKeric  preuitre.  The  principle  to  which  we  allude 
is  to  be  found  more  or  less  active  in  nature,  and  illnstrations  of  it  are  not 
infrequent  in  common  life,  although  for  want  of  refiection  they  are  seldom 
notioed  and  are  not  always  understood. 

Meteorologists  have  long  observed  that  storms  of  wrind  are  accompanied 
with  a  diminution  of  the  air's  pressure,  and  that  the  descent  of  the  merco- 
rial  column  in  the  barometer  keeps  pace  generally  with  the  violence  of 
the  tempest:  thus  in  hurricanes  the  depression  b  much  more  than  durins- 
ordinary  gales,  while  In  (ho  vortex  of  a  tornado  or  a  whirlwind  it  is. 


Some  persons  are  ^t  to  consider  winds  as  proceeding  directly ^/rom  the 
power  that  generates  them,  as  a  stream  of  water  proceeds  from  a  fir»- 
engine  or  one  of  ur  from  a  bellows,  whereas  they  as  often  rush  t4iwardt 
the  source  that  gives  them  birth ;  and  hence  it  is  that  hurricanes,  some- 
times if  not  always,  commence  at  the  leeward.  Should  any  mystery  ap- 
pear in  this  it  is  easily  explained  ; — if  a  person  blow  through  a  tube,  th» 
(■lost  proceeds  from  mm ;  if  he  suck  air  tnrough  it,  the  current  is  directed 
to  him :  when  we  close  a  pair  of  bellows,  wind  issues  from  the  nocale ;  if 
ihey  are  opened  while  the  valve  in  the  lower  board  is  shut,  it  rushes  back, 
through  the  same  channel :  so  it  is  with  currents  in  the  atmosphere.  A^ 
partial  void  is  formed  in  the  Uftper  regions,  perhaps  by  elecirici^,  by 
ehanges  of  temperatare  or  humidi^,  by  rareiaction  or  other  causes,  and 
61 
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itut&ntly  oceuw  of  the  fluid  matter  btoudiJ  rDih  to  Tcstore  tbe  eqailibrinm : 
then  the  removal  of  these  oceuu  oeccMafily  induoei  othen  to  vaoic  kloo 
to  take  their  place,  and  in  this  wajr  Tarious  Mrata  uf  the  attnoapberr,  for 
miles  and  hundreds  of  miles,  are  put  in  motian  towards  the  place  whnv 
the  cauKe  nf  ibeir  movements  is  located,  and  in  a  way  not  unlike  that  by 
which  streams  of  air  enter  a  person's  mou^  while  he  su^s  an  empty  tube, 
or  a  bellnws  durinr  the  act  ofopeiuDg  diem. 

When  the  lowering  sky  and  flitting  clouds  annouiice  the  apprnoeh  o(  m 
violent  storm,  and  when,  like  a  demon  broke  loofte,  it  destroys  in  its  fury 
nearly  every  thing;  in  its  trade,  yre  commonly  sappose  the  miacbief  is  dmse 
by  the  direct  xmptiUe  of  the  blast — that  agitated  and  groaning  forests,  tree* 
prostrated,  walls  anil  fences  leveled,  buildings  o'erturned  and  others  un- 
roofed, &G.  ara  the  results  of  a  tempest  sweeping  these  objects  befon*  it, 
■omewhat  as  we  blow  dast  Ac.  from  a  table  or  from  the  cover  or  edge  of 
a  hook.  But  this,  though  sometimes  the  case,  is  not  always  so ;  fur  if  it 
'were,  almost  every  object  blown  down  by  the  wind  would  be  funnd  lyii^ 
in  the  direction  of  the  blast,  whereas  they  are  frequently  discovered  in  tlie 
opposite  one.  The  effects  enumerated  are  sometimes  caused  by  winds 
blowing  over  a  district  of  country  without  coming  in  contact  with  the  earth 
or  the  objects  upon  it,  but  merely  (weeping  «t  some  distance  above  them: 
at  other  times  similar  results  are  met  with  at  the  extreme  edge  of  a  sluma, 
and  even  beyond  it.  In  these  cases  a  partial  vacuum  produced  b^  th« 
Mrial  currents  often  worke  all  the  mischief,  although  it  may  be,  as  n  fre- 
quently is,  but  of  momentary  duration.  Close  baildings  have  been  iosun- 
taneously  destroyed  by  the  expansion  of  the  air  tnCAta  them,  their  walla 
being  thrown  oultearM,  and  their  roofs  projected  aloft.  The  tornado  by 
which  the  city  of  Natchez  was  recently  destroyed  furnished  striking  proob 
of  this  removal  of  atmospheric  pressure,  and  of  fearful  damages  occasioned 
by  the  void.  The  doors  and  windows  of  one  or  two  houses  left  standing 
amid  the  general  wreck  happened  to  be  open,  and  thus  furnished  aveRuea 
for  the  dilated  air  to  escape.  In  some  houses  the  leeward  gable  ends 
were  pnshed  out,  and  the  windward  ones  stood ;  in  others,  the  leeward 
walls  remained  standing  while  those  to  the  windward  were  thrown  out- 
wards in  the  &ce  of  the  storm.  Both  gable  ends  were  burst  out  in  some, 
•nd  of  others  the  sudden  expansion  ofthe  air  raised  the  roofs  for  a  p«»- 
■age,  and  left  more  or  less  of  the  walls  standing.' 

Feraons  whose  ideas  of  a  vacuum  are  inseparably  associated  with  air- 
tight vessels,  would  hardly  suppose  that  any  thing  approaching  to  ono 
could  be  formed  in  the  open  regions  above  and  about  us ;  yet  every  breath 
of  wind — the  gentle  sephyr  as  well  as  the  furious  tempest— desirm's  the 
equilibrium  ofthe  air's  pressure,  and  consequently  produces  a  partial  vend; 
and  it  will  be  seen  in  this  and  the  following  chapter  that  a  vacuum  tniy 
be  produced  and  maintained  in  optn  tuha.  It  should  however  be  kept  in 
mind,  that  an  abtcluU  vacuity  Is  not  found  in  nature  nor  to  be  obtained  by 
«rt:  the  slightest  rare&ction  and  the  best  results  ofthe  best  air-pump  aro 
liut  degrees  in  the  range  of  a  scale,  of  whose  limits  we  know  but  little. 

A  &w  more  famiHar  illustrations  of  the  removal  or  diminution  of  atmos- 

{heric  pressure  by  currenlsof  air  will  not  be  out  of  place.  And  Rrst,  who 
as  not,  while  sitting  by  a  winter's  ftre,  witnessed  the  coals  in  the  grate 
brighten  suddetlly  np,  and  heard  die  flames  and  heated  air  roar  in  the 
chimney  as  if  urged  for  a  few  moments  by  some  invisible  bellows*hlowerI 
-—■phenomena  attributed,  we  believe,  'ia  the  days  of  witchcraft,  to  elves  and 
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fiuries,  dioM  miMihievoai  imps  who,  in  tbeir  wayward  moods,  sometimea 
undertook  to  blow  the  firaa  m  well  u  U>  sweep  and  sand  the  floon  of  the 
bouKs  (bey  vUited,  and  who,  by  their  sereama  of  delight  on  leaving  their 
work,  were  snnpoMd  to  produce  the  hollow  aounds  in  the  flue  aa  they 
darted  Up  to  join  their  oomradea  in  the  tempeat  without !  It  need  hardly 
be  observed  that  it  ia  ^ats  of  wind,  aweepiog  in  particular  direcdnni  over 
the  top*  ef  chinuieya,  and  thereby  ea^iaing  a  partial  vacuum  within  them, 
that  thus  powerfully  inereaaes  die  draft.  But  it  ia  not  necoaaary  to  have 
fire  in  the  grvte,  for  the  efl^t  may  be  noticed  in  parlora  during  the  summer 
months,  when  those  li^t  and  omaraentsl  paper  aprons  with  which  ladiea 
cover  the  fronts  of  their  sratea  ate  often  thus  drawn  into  the  fluea,  and  be- 
eoRie  disfigured  and  spoiled. 

Other  examples  may  he  derived  from  the  movements  of  interior  doors, 
blinds  and  curtains  of  windows,  fcc  While  we  are  writing,  die  front 
door  of  our  dwelling  is  opened,  which  afforda  a  clear  passage  from  the 
■treet  to  a  garden  in  the  rear.  The  door  of  the  room  we  occupy  opens 
into  the  passBg<e,  through  which  a  flaw  of  wind  has  jaat  passed,  and  in  a 
twinkling  the  lilinds  swing  from  the  windows,  and  the  door  is  slunmed  to 
its  frame,  by  the  sir  in  the  room  rushing  to  join  the  passing  current,  or  to 
fill  the  slight  vaouam  produced  by  JL  An  open  fire-place  creates  a  draft 
up  the  chimney,  which  acta  as  a  pump  to  draw  cold  air  into  the  room ; 
hence  the  complaint,  not  at  all  uncommon,  of  being  roasted  in  front  while 
feeing  the  fire,  and  at  the  same  time  experiencing  the  unmitigated  rigors 
of  winter  behind.  (In  sncb  cases  the  combustion  should  be  supported  by 
air  drawn  from  without  by  a  pipe  terminadng  beneath  the  grate — a  device 
patented  in  mod^n  days,  though  it  was  known  two  centuries  ago,  and  is 
described  by  M,  Gauger  in  his  treatise  on  "  Fires  Improved,"  a  work 
translated  by  Detaguliers  in  17tfi."]  The  motion  of  every  object  in  nature 
produces  currents  of  air,  and  in  every  possible  direction — the  movement 
of  the  hand  in  writing  or  sewing — the  trembling  of  a  leaf  or  of  an  earth- 
quake— the  flight  of  an  eagle  or  of  an  insect~-the  halt  wbizaing  from  a 
cannon's  mouth,  the  creeping  of  a  snail,  or  a  wasp  using  faer  forceps. 

Artificial  illustrations  might  be  quoted  without  end.  Lay  two  books  of 
the  same  aice,  or  two  pieces  of  board,  six  or  eight  inches  apart  upon  a 
table,  and  place  a  sheet  of  paper  over  them;  then  olow  between  the  books, 
and  die  paper,  instead  of  being  displaced  by  the  blast,  will  be  pieHCid 
down  to  the  t&ble  hy  the  atmosphere  above  it,  andjwith  a  force  propor- 
tioned to  the  intensity  of  the  blaiit.  Instead  of  the  mouth  next  use  a  pair 
of  bellows,  by  inserting  the  nonle  under  one  edge  of  the  paper,  and  tiM 
effect  will  still  be  the  same.  The  aiream  of  wind  may  even  be  directed 
partly  against  the  under  side  of  the  paper,  which  notwithstanding  will  re- 
tain Its  place  and  be  pressed  down  as  before.  Suspead  the  books  or  fix 
them  to  the  under  side  of  a  table,  then  h<rid  on  the  paper  till  the  blast  is 
Applied,  when  the  sheet  wtU  be  susoined  against  gravitv.  Fold  the  paper 
into  a  tube  and  blow  through  it  with  the  month,  or  with  bellows— in  both 
eases  it  will  be  collapsed.  From  this  experiment  we  learn  that  the  force 
which  fluids  exert  against  the  sides  <^  p>p«*  that  eontalti  them,  is  greatly 
diminished  when  they  pass  rapidly  through.  We  have  known  a  sm^ 
leak  in  the  pipe  that  supplied  steam  to  a  high-pressure  engine,  oease  to 
give  out  vapor  every  dme  the  Goinmumoatton  was  opened  to  the  cylinder  ' 

•  " Parabalieal  jsmhs"  (stM  pMsDisd)  or  bicki  or jTBlsa  Tor  reBeclin^  ftom  tbeir  pe. 
lisbad  lurrKes  the  hast  into  the  room,  arc  deacribed  m  tha  nms  tnlereilmg  [ittle  work. 
At  p«(e  140  Deugnlien  «pcaka  of  betlowi  iareni«d  sod  patented  bj  Captain  Snwj— 
ailevie*  eTIiiaifaaiiana  wbaieakasuDlioDsdifastwsBnBw«e«: 
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— 4be  pardclej  of  the  fluid  then  bein^  harried  along  wid>  «  velodtf  too 
great  to  allow  any  ofthein  to  ch«n^8  t£eir  direotionto  eacape  at  the  leak. 
The  following  abitract  of  axpenments  made  by  hb  in  1834-5,  to  tUiw- 
trate  the  same  principle,  may  iDtereat  some  readers : — To  ascertaia  thm 
extent  to  which  atmoapheric  preMure  wu  removed  from  under  the  sheet 
of  paper,  we  bent  a  amall  glsM  tube  at  riffht  angles,  and  placine  one  end 
under  tbe  paper  let  it  rest  on  the  table,  while  the  other  descended  into  a 
tuinbler  containing  a  little  water.  Then  taking  a  amall  pctir  of  belionra, 
and  directing  [be  olast  over  the  pipe,  the  water  rose  from  one  half  to  three 
fourths  of  an  inch.  The  books  upon  which  the  sheet  laid  were  then  placed 
within  two  inches  of  each  other,  when  the  effect  was  increased,  the  liquid 
rising  from  Ij  to  2  inches.  We  next  laid  aside  tbe  paper  and  made  uas 
of  two  tubes,  one  to  blow  through  and  the  other  to  measan  tbe  aaeent  of 
the  liquid. 
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Two  leaden  or  block  tin  tube«,  straight  and  polished  in  the  inside,  were 
united  at  right  angles.  See  No.  203.  A  C  Uie  blowing  pipe,  8  inches 
long  and  half-inch  bore.  B  IS  inches  long  sod  three-eighths  bore.  Tbe 
upper  end  of  B  was  joined  flush  and  smooUi  with  tbe  interior  of  the  other, 
three  inches  from  th«  end  A.  Upon  applying  the  mouth  to  G  and  Mowing 
in  the  direction  C  A,  indicated  by  the  arrow,  instead  of  the  liquid  rising- 
in  B,  part  of  the  current  from  tbe  lungs  entered  that  tube  and  was  forced 
through  tbe  water  in  the  tumbler.  Various  portions  of  the  end  A  were 
than  out  olT  without  changing  tbe  result,  until  half  an  inch  Mily  remained 
in  front  of  the  joint,  when  the  air  no  longer  descended,  but  no  rar^action 
was  produced  in  B.  When  both  tubes  were  made  of  tbe  taae  hore,  part 
of  the  blast  descended  in  B  until  the  whole  of  A  in  front  of  tbe  joint  waa 
removed.  In  nomerous  trials,  the  water  in  the  lower  end  of  B  was  de- 
pressed more  or  less,  whether  the  blast  of  wind  through  A  was  weak  or 
strong.  (From  these  experiments  we  discover  the  impropriety  of  placing 
cylindrical  tubes  on  chimney  tops  at  right  angles  to  the  draft,  and  espe- 
cially on  locomotive  carriages,  as  was  at  6rat  proposed.  In  the  Edinbat^h 
Encyclopedia,  vol.  xvii.  p.  4S7,  a  carriage  by  Tredgold  ia  described,  and 
a  figure  of  it  given  in  plate  611.  Tbe  chimney  is  represented  with  a  abort 
kontontal  tuba  attached  fore  and  afl  to  the  top,  as  in  No.  203,  with  a  v{ 

o  auitt  the  draf^"  by  the  passage  of  the  air  or  wind  through  il 


experimenU  above  show  that  the  rererse  would  have  been  the  case.) 
Ai  part  of  the  air  b  pawing  through  A,  in  No.  S03,  turned  off  ' 
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the  idea  occurred  that  if  the  jaoetion  of  B  were  made  to  form  an  ante 
angle  with  the  lonaier  part  of  A,  then  the  whole  of  the  aerial  current  might 
po»iibly  paas  out  at  A,  tince  to  enter  B  it  would  have  very  neariy  to 
reverie  it*  direction.  The  device  figured  at  No.  204  was  made  to  tett  this. 
(The  part  of  A  in  front  of  the  joint  was  1}  inches  long,  which  from  Mveral 
experiments  we  thought  produced  the  best  effect,  when  A  was  balf  an 
inch  in  the  bore — i.  e.  the  length  of  this  part  of  the  blowing  tube  was  three 
times  its  diameter.)  Upon  tnal  part  of  the  current  passed  into  B  and  ea- 
caped  through  die  liquid,  as  in  the  preceding  experiment ;  and  even  when 
B  was  turned  up  in  a  vertical  direction  before  entering  the  'water,  the  tune 
effect  took  place. 

Various  modes  of  uniting  the  pipes  with  the  view  of  preventing  the 
blast  from  entering  the  vertical  one  were  now  tried,  and  to  ascertain  the 
effects  produced  a  glass  tube,  three  feet  long  and  three-eighths  of  an  inch 
bore,  was  attached  to  the  vertical  or  exhausting  tube  of  each.  In  No.  206 
a  portion  of  B  protruded  into  A,  so  as  to  form  a  partition  or  partial  cover 
to  the  orifice.  Upon  blowing  through  A  (in  the  direction  of  the  arrow) 
the  water  sprung  up  B  to  the  height  of  12  inches,  and  in  subsequent  trials 
varied  from  10  to  20  inches,  according  lo  the  strength  of  the  blast.  By 
connecting  the  glass  tube  to  the  blowing  end  of  A  and  then  blowing 
through  B,  the  liquid  rose  from  S  to  10  inches ;  the  difference  no  doubt 
being  caused  by  the  current  of  ur  having  had  greater  facilities  in  one 
passage  than  in  the  other. 

We  next  united  two  tubes  at  right  angles,  but  instead  of  making  the 
joint  flush  within  as  No.  SOS,  the  upper  end  of  B  was  cut  obliquely,  af 
if  to  form  a  mitred  or  elbow  Joint.  This  end  was  inserted  into  the  under 
side  of  A,  as  represented  at  No.  206,  the  open  part  of  B  facing  A.  The 
object  of  this  device  was  to  ascertain  whether  the  convex  part  of  the  ver- 
tical tube  within  A  would  be  suflicient  to  divert  the  blast  from  entering  B, 
while  it  swept  over  the  upper  edge  and  passed  round  each  side.  Previoua 
to  connecting  the  lower  end  of  B  with  the  glass  tube  we  inserted  it  in 
water,  and  upon  blowing  smartly  through  A,  the  liquid  rose  (10  inches) 
and  woe  expelled  with  the  air,  farming  a  dense  shower.  The  glass  tube 
was  then  attached,  (by  a  slip  of  India  rubber)  and  upon  blowing  again  the 
water  rose,  on  different  trials,  from  twemly  to  Ihirt]/  ineha.  The  tube  A 
was  half'inch  bore,  and  B  three-eighths.  Various  experiments  were  made 
lo  determine  die  beat-length  of  that  part  of  A  in  advance  of  the  joist :  the 
result  was  generally  in  favor  ofthe  extent  already  mentioned. 

The  end  of  B  cut  obliquely,  as  in  the  preceding  experiment,  was  now 
inserted  into  A  at  an  acute  angle.  See  No.  207.  The  ascent  of  the  liquid 
in  several  trials  varied  from  20  to  28  inches.  A  moderate  puff  raised  it 
14  inches,  but  a  strong  eflort  of  the  lungs  was  required  to  elevate  it  over 
two  feet.  When  the  glass  tube  was  connected  to  A,  as  in  No.  20B,  and  a 
blast  directed  through  B,  the  highest  range  of  the  liquid  was  nine  inches. 

The  tubes  were  next  united  as  in  No.  209 ;  that  is,  the  axis  of  the 
part  of  B  which  entered  A  coincided  with  that  of  the  latter,  thus  leaving 
an  annular  space  one-eighth  of  an  inch  n-ide  for  the  passage  of  the  blast 
The  effect  of  this  did  not  differ  so  much  from  No.  20B  as  was  expected. 
The  rise  varied  from  20  to  30  inches ;  and  not  more  than  half  the  former 
amount  was  produced  by  reversing  the  tubes,  as  in  No.  210.  The  annular 
passage  for  the  blast  in  No.  209  was  too  small,  the  earrent  was  pinched  in 
passing,  and  its  velocity  consequently  diminished.  In  another  tube  in 
which  the  space  was  enlarged,  tne  water  rose  six  inches  higher. 

^^e  next  endeavored  to  ascertain  the  effects  of  varying  the  form  of  the 
dtscnarging  end«  ofthe  blowing  tube*,  either  by  adapting  additional  onei 
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of  a  tapering  form  to  Aem,  or  by  enlarging  the  end*  tbemaelves.  Of  k 
number  of  experiinonU,  the  following  will  be  sufficisnt  for  oqt  present 
purpoM.  In  tworf the  tube*  (New.  aUaod  218)  the  exhausting  mpe  did 
not  protruile  into  the  blowing  one :  in  No.  213  it  did.  Ai  it  ii  difficult  la 
keep  up  a  Mronr  bUet  fiwn  the  lungi  through  a  pipe  bo  large  in  the  bor« 
U  half  an  inch,  No.  311  wat  mailt)  of  quattef-inch  tubing,  and  No.Sliiof 
five-sixteenths.  The  blowiog  tube  of  No.  213  wu  aevea-eixteenths,  and 
the  exhausting  one  tfaree-sixteenthg,  and  all  wer«  made  of  lead.  Besides 
the  tube*  just  named  we  prepared  a  dozen  conical  ones,  nme  inches  long, 
the  small  ends  one-quarter  inch  bore,  and  the  large  mies  varying  from 
three-fourths  to  2}  inches.  Thej  were  made  of  tin  plate,  the  seams  were 
lapped,  and  no  particular  car*  was  taken  in  their  formation.  From  nu- 
merou*  trial*  with  them  in  a  variety  of  way*,  we  obtaioed  the  best  resulu 
with  two,  one  nf  which  was  1^  inohiBi  at  the  large  end,  and  the  other  seven- 
cighih*.  But  of  these  the  Utter,  marked  C  in  the  out,  generally  caused  the 
water  to  rise  hie^eiC  in  the  sxhsusting  tube. 

The  discharging  end  of  No.  211  extended  1}  inche*  from  the  joint, 
and  the  opposite  end  2}-  inches.  When  blown 
through  in  the  direction  of  ^a  arrow,  part  of 
'  tba  current  descended  through  the  water,  but 
when  the  conical  pipe  C  was  held  close  to  the 
discharging  end  the  lit^id  rose  in  the  vertical 
pipe  9^  inche*.  A  ijuartar  of  an  inch  was  next 
cut  off  the  discharging  and  and  C  again  ap- 
plied, when  the  water  roae  12  inches.  The 
end  was  next  remered  out  wiih  the  tapered 
prong  of  a  file,  when  the  water  rose  (without 
C)  II  inches.  Another  portion  was  next  cut 
off,  leaving  only  half  an  inch  in  front  of  the 
joint,  and  the  end  swelled  out  as  before,  upon 
Kg.iit.       Ra.iifc  Na.au,      which  the  riie  was  7^  inche*;  but  when  C 

was  applied  die  water  rose  17^  inches. 
In  alt  the  trial*  with  C  it  waa  necossary,  in  order  to  obtain  the  best 
results,  that  iu  axis  should  coincide  with  that  of  tlie  blowing  tube ;  oibei^ 
wise  the  current  of  air  is  defloored  in  its  passage,  The  length  of  the 
blowing  end  of  the  tube  should  be  no  more  tnan  what  is  necessary  Ugivo 
%  sirai^t  direction  to  the  current.  If  longer  than  this,  the  velocity  and 
■tren^  of  the  blast  is  unnecessarily  diminished  by  friction  against  the 
prolonged  sides.  The  blowing  tube  should  also  be  straight  and  smooth 
within;  for  the  energy  of  the  blast  i*  less  diminished  in  passing  through  a 
Straight  than  through  a  crookod  channel— through  a  smoothly  poli*hc»l 
tube  than  through  one  whose  interior  is  marked  with  asperilie*.  Moreover, 
dints  or  bruises  in  a  pipe  produce  counter  currents,  and  materially  diminish 
the  ascent  of  the  liquid.  In  small  tubes,  the  end  received  into  the  mouth 
might  be  enlarged  or  cut  obliquely  to  facilitate  the  entrance  of  the  air; 
for  if  the  fluid  be  retarded  in  its  entrance,  part  of  the  force  exerted  by  the 
lungs  w  uselessly  expended.  It  is  immaterial  in  what  position  the  Uowing 
tube  is  used. 

In  No.  213  the  blowing  tube  was  jointed  to  the  exbaastingone  at  an  angis 
or2<P.  Thepartinadvanceof  the  jiHnt  was  IJioahu.  Upon  trial,  the  liquid 
rose  seven  inches.  The  cube  D  was  applied,  (its  small  end  being  entarmd 
to  five-sixteenths)  and  the  water  roso  nine  inches.  The  tube  wu  tnoK 
swelled  out  by  the  prong  of  a  file  until  its  orifice  was  seven-sixteenths  of 
KO  inch,  when  the  rise  was  10}  inches.  D  was  then  applied,  its  end  en- 
lering  die  other,  and  the  water  rose  IS  inches.     Previoua  to  this  trial  I> 
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had  bocome  atightly  bruited  in  tbe  middle  of  its  lengtli  by  a  full :  tbo 
bruioes  were  taken  oat,  and  the  water  ro«e  24  inches.  Various  jKiiiioiia 
were  cut  fram  the  large  end  of  D,  but  no  dimiaution  of  the  rise  occurred 
whil<^  3j  iDcbes  remaiaed,  and  this  length  from  Mvetal  triala  gsve  hotter 
reaultR  thaa  when  th«  tube  was  made  snorter. 

In  Nn.  213,  the  disokarging  end  uf  the  blowing  tube  waa  1)  inches  long. 
Without  uiy  additional  tube,  the  water  rose  16  inches.  The  end  was 
■welled  out,  and  the  liquid  roce  19  inches.  D  waa  applied,  and  it  rose 
29  inches.  C  was  then  tried,  which  made  the  Lquid  aicand  31  inchoa. 
The  discharging  end  was  reduced  in  lengtli  from  an  inch  and  a  half  to 
half  an  inch,  and  the  elevation  of  the  liquid  was  diminished,  both  with  and 
without  the  additional  tubes  C  and  D. 

Two  other  tubes  connected  like  No.  213  were  also  tried.  Fmm  slight 
rariatioDS  in  the  dimensiona  of  the  passage  way  over  the  end  of  the  ex- 
hausting tube,  the  results  varied.  Without  the  additional  tube  C,  one 
raised  Uie  water  only  seven  inches,  while  with  C  the  rise  was  17  inches. 
The  other  alone  raised  the  liquid  14  inches,  and  with  0  20^  inches. 

It  has  been  seen  from  preceding  experiments,  that  when  two  tubes  of 
the  same  bore  are  united,  as  in  Nob.  203,  204  and  211,  part  of  the  current 
from  the  niouth  will  descend  the  vertical  one,  if  but  half  an  inch  or  even 
less  of  ilie  discharging  end  project  beyond  the  joint  To  ascertain  at  what 
distance  from  the  joint  this  descent  of  the  current  could  be  counteracted 
by  additimlal  tubes,  wa  connected  two  pieces  of  leaden  pipe  (A  and  B) 
Gre-sixteenths  of  an  inch  bore  to  each  other,  as  in  the  figure.  A  waa  15 
inches  long;  B  four  inches, 
and  joined  to  theother  three 
inches  from  the  blowing 
end,  thus  leaving  12  inches 
in  front  of  the  joint.  The 
lower  end  of  B  dipped  not 
mure  than  one-tentn  of  an 
inch  in  water.  A  tapered  pipe,  C,  whose  wide  end  was  14  inches  and 
the  small  one  live-sixteenths  was  attached  to  A,  and  upon  blowing  through 
A,  part  of  the  blast  descended  through  B.  Small  portions  were  then  suc- 
cessively cut  olTtfae  discharging  end  of  A,  until  the  air  ceased  to  descend 
in  B.  When  nine  inches  remained  in  front  of  the  joint,  but  a  solitary 
bubble  or  two  escaped  through  the  water,  and  after  another  inch  was  re- 
moved, leaving  eight  inches  in  front,  the  whole  current  from  the  lunga 
passed  through  A.  The  conical  tube  waa  nine  inches  long,  and  ader  the 
last  result  it  was  divided  at  D,  four  inches  from  the  end.  Upon  removing 
the  part  thus  cut  off,  air  agai»  dttctndtd  through  B. 

From  this  experiment  we  see  thaLtha  inituence  of  such  terminations  n 
C  to  cylindrical  air  tubes,  extends  tc%  distance  equal  to  2S  times  the  tube's 
diameter.  It  is  however  modiQed  by  the  velocity  of  the  motive  current. 
When  high  steam  is  used  instead  of  air,  the  distance  is  greatly  diminished, 
and  in  some  eases  annihilated.  A  smoky  chimney,  or  one  with  a  feeble 
draft,  may  he  cured  by  enlarging  its  upper  part  like  the  additional  tube  C 
IB  the  last  figuru.  The  reason  why  an  equal  amount  of  rise  in  the  exhaust- 
ing tube  is  not  produced  by  additional  ones  to  such  devices  as  No.  813, 
arises  no  doubt  from  the  projection  of  the  exhausting  tube  into  the  blowing 
one,  which  prevents  the  blast  from  sweeping  directly  into  the  conical  one 
Kod  Jilting  the  latter,  a  condition  necessary  to  the  increased  ascent 

Some  applications  of  the  principle  illustrated  by  the  preceding  experi- 
ments may  be  noticed : — 1.  In  siphons  for  decantmg  corroding  or  other- 
liquidtf-^r  which  see  remarks  on  these  instruments  in  a  subeequent. 
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chapter.  2.  Increasing  the  draft  of  chimneys,  as  well  u  preventing  tbem 
from  ■moking'.  Instead  of  the  old  fashioned  caps  of  clay  or  the  moveable 
ones  of  iron,  let  them  be  made  in  the  form  of 
the  annexed  figUTe,  and  either  of  sheet  iron  or 
copper.  A  short  pipe  should  be  fixed  on  the 
chimney,  and  over  it  an  outer  one  (shown  in 
the  cut)  to  turn  freely,  but  as  close  as  poestblo 
without  touching,  that  the  horisonCal  one  to 
which  the  latter  is  attached  may  veer  ronnd 
with  the  wind.  The  vane  V  keeps  the  oppo- 
dte  end  A  to  the  wind,  which  enters  as  indi- 
cated fay  the  straight  arrow,  and  in  passing 
through  sweeps  over  the  projection  and  causes 
th.ta.  a  vacuum  in  the  chimney,  as  in  the  blowing 

tubes  already  described. 
A  device  of  this  kind  might  be  made  to  act  in  windy  weather  as  a  per- 
petual bellows  to  blast  or  refining  furnaces,  and  also  to  those  of  steam- 
Doats  and  locomotive  carriages.  When  used  on  chimneys  of  the  latter,  a 
contrivance  to  turn  and  keep  the  blowing  tube  fore  and  aft,  as  the  carriage  is 
turned,  would  be  required.  The  joint  where  the  perpendicular  tube  moves 
over  the  fixed  one  might  also  he  made  air-tight  by  an  amalgam,  on  the 
principle  of  the  water  lute.  From  the  experiments  with  tbe  tubes  Nos. 
206,  '7,  %  '9,  '10  and  '13,  it  follows  that  if  the  wsate  steam  of  a  locoroo- 
tiva  carriage  were  discharged  over  the  mouth  of  the  chimney  as  above, 
mstead  of  up  its  centre,  the  resulting  vacuum  would  be  greater. 

It  is  worth  while  to  try  whether  wells,  mines,  and  the  holds  of  ships, 
could  not  be  more  speedily  and  effectually  ventilated  by  a  similar  device 
than  by  the  common  wind  sails  used  in  the  latter.  Tneso  displace  the 
noxious  vapors  by  mixing  freah  air  with  them,  but  by  the  proposed  plan 
the  foul  air  might  be  drawn  up  alone,  while  the  atmosphere  would  cause 
a  steady  and  copious  supply  to  stream  in  at  every  avenue. 

If  two  or  three  exhausting  tubes,  of  metal  or  of  any  other  suitable  ma- 
terial, (whose  diameter  for  a  ship  of  the  largest  class  need  not  exceed 
three  or  four  inches)  were  permanently  secured  in  a  vessel,  their  lower 
ends  terminating  in  or  communicating  with  those  parts  where  noxiou* 
effluvia  chiefly  accumulates,  and  the  upper  ends  leadmg  to  any  convenient 
part  of  the  deck,  sides  or  stem,  so  that  the  blowing  part  could  readily  be 
slipped  tight  into  or  over  them,  the  interior  might  be  almost  as  well  ven- 
tilated, even  when  the  hatches  were  all  down,  as  the  apartments  of  an 
ordinary  dwelling.  It  appears  to  us  moreover,  that  a  vessel  mi^t  by  this 
means  be  always  kept  charged  with  fresh  and  pure  air ;  for  the  apparatus 
might  be  in  operation  at  all  times,  i^  and  night,  acting  as  a  perpetual 
pump  in  drawing  oflT  the  miasmata.  The  only  attention  required  would 
be,  to  secure  the  blowing  tube  in  its  proper  position  with  regard  to  the 
wind  during  storms.  In  ordinary  weather  its  movements  might  be  regu- 
lated by  a  vane,  as  in  the  figure,  when  it  would  require  no  attention  what- 
ever. The  upper  side  of  the  blowing  part  of  the  tube  should  be  cut  partly 
away  at  the  end,  so  as  to  facilitate  the  entrance  of  descending  current!  ih 
wind.     See  the  above  figure. 
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CHAPTER    III. 


A«  the  ntrooat  nre&etitm  wbicb  can  be  produced  with  blowing  tubes 
by  the  lang)  is  exceedingly  limited,  we  next  endeavored  to  ucertun  how 
f&r  it  could  be  carried  with  currenta  of  tleam.  This  fluid  present*  Mveral 
advantages.  By  it  a  unifonn  blast  can  be  obtained  and  kept  up,  and  it* 
intensity  can  be  increased  or  diminisfaed  at  pleasure  :  hence  experiments 
with  it  can  be  conunued,  repeated  or  varied,  till  the  results  can  be  relied 
on.  Ab  it  is  inconvenient  to  measure  high  degrees  of  rareiaction  by  col- 
umns of  water,  mercury  was  employed  for  that  purpose ;  and  as  the 
blowing  tubea  ^c.  !f  made  of  lead  or  block  tin  would  have  become  aofl 
and  bent  by  the  heat,  they  were  all  made  of  copper,  while  the  additional 
or  conical  tubes  (generally)  were  of  cast  brass,  and  smoothly  bored.  A 
detail  of  all  or  even  half  the  experiments  made  would  possess  no  interest 
to  general  readers,  and  would  bis  out  of  place  here ;  we  therefore  merely 
notice  such  as  gave  the  best  results.  The  force  of  the  highest  steam  usetl 
was  equal  to  a  pressure  of  90  pounds  on  the  inch.  It  was  measured  by 
the  hydrostatic  safe^-valve  described  in  the  Journal  of  the  Franklin  Insti- 
tute, vol.  X  28  series,  page  2. 

While  engaged  in  the  prosecution  of  this  subject,  we  supposed  that  cur- 
rents of  steam  had  never  been  employed  to  produce  a  vacuum ;  but  it  will 
be  seen  towards  the  close  of  the  chapter,  that  we  were  anticipated  by  > 
French  gentleman,  though  to  what  extent  we  are  yet  uninformed.  We 
were  not  avare  of  the  fact  until  all  the  following  experiments  had  been 
matured,  and  most  of  them  repeatedly  performed.  The  circumstance  tf- 
fords  another  example  of  those  coincidences  of  mental  and  mechanical 
effort  and  resource  with  which  the  history  of  the  arts  is  and  always  will 
be  crowded.  The  shoemakers'  awl  was  formerly  straight,  but  is  now  itnt  .• 
the  author  of  the  improvement  was  supposed  10  have  lived  in  comparatively 
modem  times ;  but  recent  researches  among  the  monuments  of  Egypt 
have  proved,  that  the  artists  who  made  shoes  and  wrought  in  leather  under 
die  Pharaohs  ased  awls  identical  in  shape  with  the  nlodem  ones. 

The  expenditure  of  high  steam  through  open  blowing  tubes  like  tfaoM 
figured  in  Nos.  809  and  204  would  obviously  be  enormous,  since  there  is 
nothing  in  them  to  prevent  its  ^ssing  freely  through.  They  are  not  there- 
fore so  well  calculated  for  practical  operations  as  those  in  which  the  end 
of  the  exhausting  pipe  projects  into  the  blowing  one  and  contracts  the 
passage  for  the  vapor,  as  in  Nos.  90fi — 210.  These  are  also  better  on 
another  account — they  produce  a  better  vacuum.  Economy  in  the  em- 
ployment of  steam  is  of  the  first  importance ;  hence  it  was  desirable  to 
determine  if  passible  that  particular  construction  of  the  apparatus  by  which 
the  highest  degree  of  rareftction  may  be  obtained  with  the  least  exnetHli- 
ture  of  vapor.  Fortunately  for  the  solunon  of  this  problem,  there  is  ons 
ttm  of  the  apparatiu  in  whioh  both  taa  eminently  combmed  j  for  whil* 
63 
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na  increue  of  the  ateun'i  elaatlcity  increa«ed  tba  vacnnm,  ui  increaMd 
diicbarge  of  the  vapor  waa  oftBO  fuund  to  dimioish  it.  Thia  wu  frequently 
the  cue  when  high  ataun  was  employed  :  for  example,  if  the  cock  through 
which  ateaDi  pBMcd  into  the  blowing  tube  marked  C  in  No.  217  waa  wide 
open,  the  mercury  would  aometimes  fall  two  or  three  inchea,  but  whei^ 
partially  cloaed,  would  inataotly  riae ;  thua  indicating  that  it  ia  the  velocity 
and  not  the  volume  of  vapor  paaaing  over  the  orifice  of  the  exhauating 
pipe,  upon  which  the  vaonum  depenoa. 


No.  lis,       Kt-VT.  ITa.Sl&  If •  IM 

We  Grat  paaaed  ateam  through  tubes  ooBnected  like  No.  213,  both  widi 
4iid  without  the  conical  ajutages  C  D  in  Not.  211  ftnd  213.  Varioua  pro* 
portiona  of  the  steam  passage  over  the  orifices  of  the  vacuum  or  exhausting 
pipes  were  alao  employed,  as  at  A,  B,  C,  D,  K,  No.  216,  which  repre- 
•ent  honeontal  secuons  of  the  vacuum  pipe  and  steam  passage  over  its 
oriGce.  The  dark  parts  show  the  passage  for  the  ateam,  and  the  inner 
mrcle  the  mouth  of  the  vacuum  tube.  In  A  the  ateam  channel  did  not 
«ztend  over  one-fourth  of  th«  circumference  of  the  orifice ;  in  B  it  reached 
■early  half  way  round  ;  in  C  three-fourths ;  while  in  D  and  £  it  extended 
«ntireiy  round.  Upon  trial,  the  vacuum  produced  by  B  was  greater  than 
that  W  A ;  C  aurpaased  B,  and  D  uniformly  exceeded  them  all.  Wo 
therelore  finally  arranged  the  apparatua  as  shown  at  No.  217,  in  which  A 
is  »  brass  tube  composed  of  two  conical  fhutums  united  at  their  lesser 
«nds.  The  longer  part.  A,  was  smoothly  bored  and  polished  in  the  direc- 
bon  of  its  length,  to  remove  any  minuto  ridges  left  by  the  borer.  The 
interior  diameter  of  the  large  end  waa  an  inch  and  an  eighth,  and  of  the 
smallest  part  nineteen-fordeths,  (rather  leas  than  half  an  inch.)  The  ex- 
lamal  diameter  of  the  vacuum  pipe  B  was  seventeen-fortieths,  so  that  Uie 
monular  spaoa  left  round  it  for  the  steam  was  only  one-fortieth  of  an  inch 
in  width,  being  about  as  small  a  space  as  could  well  be  formed  without 
the  pipe  B  touching  A.  The  length  of  A  from  the  coatraoted  part  was 
<|  inches.     A  ghss  tidx  three  feet  long,  whose  lower  end  was  placed  ia 
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«  Tcuel  of  quiduilTer,  wu  (tudied  to  B,  koA  m  scale  to  meuara  the 
ueunt  of  the  mercurial  column. 

Wben  ibe  preaaure  of  the  iteam  in  the  boiler  wai  equal  to  30  pounda 
00  the  inch  exclusive  of  atmospheric  pressure,  and  tho  steam  cock  C 
opened,  (the  hole  in  its  plug  was  Rve-sixteenths  of  an  inch  in  diameter) 
the  mercury  rose  9  iocbes  ia  the  vacuum  tube  B.  Wben  the  steam  was 
U  40  pounds,  tbe  mercurjr  rose  15j  inohes.  At  50  pounds  it  reached  over 
16  inches,  at  GO  pounds  over  19  inches,  and  at  70  pounds  St  inches.  At 
80  pounds  it  wia  only  21  inches,  but  on  partially  closing  the  cock  it  sprunff 
up  to  22  inches.  ■  When  the  steam  was  at  90  pounds  on  the  inch,  the  mer- 
cury fell  to  20  inches,  but  on  turning  the  plug  of  C  it  rose  to  28  inchea. 
These  experiments  were  repeated  several  times  and  on  diBarent  occasion! 
without  materially  altering  the  results. 

Tbe  eSect  of  aidditional  tubes  inserted  into  tbe  open  end  of  A  was  next 
obaerved.  Ten  or  twelve  of  these  were  made  of  tin  plate,  and  of  diflisrent 
lengths  sod  taper.  The  small  ends  of  all  were  half  an  inch  in  diameter, 
and  made  vety  ibin,  so  as  to  slide  into  A  nearly  up  to  the  contracted  part, 
and  u  the  same  time  to  present  the  least  projection  possible  to  the  issuing 
currenL  The  effect  of  three  of  these  tubes,  two  of  which  gave  tbe  beat 
results,  are  stated  in  tbe  fallowing  table.  Tbe  tube  No.  1  was  14  inchea 
lone;,  nnd  its  wide  end  1^  inches  across.  No.  S  was  27  inches  long,  and  1{ 
in  diameter  at  its  mouth.  No.  3  was  five  feet  long,  and  it*  mouth  or  wide 
end  S^  inches  in  di 
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In  adjusting  an  additional  tnbe  it  was  b 
that  of  A.  Ibis  was  ascertained  by  the  mercury,  which  oscillated  with 
every  movement  of  the  tube,  but  always  rose  when  it  was  in  the  position 
indicated.  On  one  occasion,  when  tbe  mercury  stood  at  15  inches,  ths 
•dditional  tube  No.  1  was  slipped  into  A  and  the  mercury  fell  to  12  inches; 
but  this  was  caused  by  pushuig  the  tube  in  too  far,  i.  e,  till  it  touched  the 
raeuum  pipe — for  on  withdrawing  it  and  swelling  out  tbe  end  a  little,  the 
mercury  rose  to  17  inches  on  the  tube  being  reinserted.  A  small  addition 
wu  m&de  to  tbe  wide  end  of  No.  1,  so  that  it  flared  out  like  a  trumpet: 
on  trying  it,  the  mercury  stood  two  inches  lower  than  before. 

The  fall  of  the  mercury  when  tbe  steam  was  raised  to  90  pounds,  was 
quite  uoexpeoced.  It  was  at  first  supposed  to  have  been  caused  by  » 
wrong  potitiun  of  the  additional  tube,  and  then  to  some  small  object  lodged 
by  tbe  Btearo  between  the  vaeuaro  and  tbe  blowing  pipes;  but  on  exaod- 
nation  nothing  of  the  kind  was  found.  As  tbe  mercury  still  refused  toriae, 
we  tried  another  apparatus  similar  in  all  respects  to  No.  2L7,  except  being 
of  rather  lai^r  dimensions ;  but  the  same  thing  ooeurred.  When  tbe 
■team  was  at  30  pounds  the  mercury  stood  at  7$  inche^-at  50  pounds  17 
incbef-at  60  pounds  SO  inchea — ai.  70  pounds  22  inches— «t  SO  pounde 
23^iaeheB — and^90  pounds  SO  inches)     Several  experimenU  a ' 
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to  indicate  that  tha  length  and  taper  of  the  additional  tubes  should  vaiy 
with  the  force  of  the  steam,  and  thti  the  annular  passage  for  the  vapor 
shoald  be  contracted  as  the  elastic  force  of  the  steam  was  increased. 

Cyluidriail  pipes  applied  to  the  mouth  of  A,  or  to  those  of  the  addi- 
nonsi  tubes,  caused  the  mereary  to  fall ;  but  any  plane  object  held  against 
It  issuing  from  A,  did  not  affect  the  TacnniD.     A  piece  of  board 
"     '  '    ~       '' '        e-fa»rik  ofa»  iiteh  of  the  end  of  A,  aod 

;ht  angles;  yet  the  vacuum  was  not  in 


was  gndually  brought  to  within  tme-JoMrth  ofa»  iiteh  of  the  end  of  A,  a 
of  conrH  deflected  the  ateam  at  right  angles;  yet  the  vacuum  was  not 
the  least  diminished  until  the  board  was  pushed  still  nearer.    By  applying 
the  large  ends  of  the  additional  tabes  to  A  the  vacuum  was  diminished. 


The  noise  made  by  the  steam  issuing  from  A  is  indicative  of  the  state 
of  the  vaciinm.  If  it  be  loud  and  sonorous,  the  vacnam  is  not  near  so  high 
as  when  the  sound  is  less  and  hittaig.  In  the  former  case  there  is  generally 
too  much  steam  escaping — the  cock  should  be  partially  closed. 

No.  218  is  a  venii^  and  a  horizontal  section  of  the  device  by  means  of 
which  the  vacuum  tube  was  retained  in  a  position  either  eccentric  or  coo- 
centric  with  the  blowing  one,  and  by  which  it  could  be  drawn  to  one  side 
■o  as  to  touch  the  narrowest  part  of  the  latter.  Three  fine  screws  with 
blunt  ends  were  tapped  at  equal  distances  from  each  other  into  solid  pro- 
jectioDB  cast  on  A,  1^  inches  below  the  contracted  part.  "Ry  these,  the 
exact  position  of  the  vacuum  tube  which  gave  the  best  result  wss  accu- 
rately ascertained ;  and  it  was  remark^le  now  small  a  change  in  its  posi- 
tion affected  the  mercurial  column.  A  few  examples  are  annexed  : — 1. 
The  steam  in  the  boiler  being  low,  and  the  mercury  standing  at  3^  inchea 
only,  the  vacuum  tube  was  drawn  by  the  screws  so  as  barely  to  touch  A, 
ana  instantly  the  mercury  fell  to  3  inches.  3.  When  the  pipes  were  clear 
of  each,  and  the  mercury  19}-  inches  high,  as  soon  a»  they  touched  it  fell 
to  16  inches.  Similar  results  took  place  whatever  might  be  the  force  of 
the  steam.     3.  The  mercuiy  fell  also  when  the  axis  m  both  tabes  did  not 

2iitto  coincide,  although  a  clear  passage  ttill  remained  for  the  staam,  as 
lown  at  E,  No.  216.  In  this  case,  as  in  the  others,  the  greater  flow  of 
vapor  on  one  side  probably  created  cross  currents  in  A,  after  passing  the 
GODtracted  part  On  one  occasion,  the  mercuiy  suddenly  fell  sovoral  inches 
while  the  pipes  were  concentric  with  each  ouer.  Upon  examination  ibis 
was  found  to  be  owing  to  a  minute  piece  of  grit,  or  a  film  of  lead,  blown 
by  the  steam  between  the  two  pipes,  where  it  was  wedged  in.  It  did  not 
exceed  one-sixteenth  of  an  inch  in  any  direction.  It  produced  the  same 
effect  as  when  the  pipes  touched.  Upon  removing  it,  the  steam  rose  as 
before. 

Another  point  necessary  to  be  attended  to  is  the  position  of  die  oriliee 
of  the  vacuum  pipe  with  respect  to  the  narrowest  part  of  the  blowing  one ; 
i,  e.  whe^er  in  a  line  with  it,  or  in  advance,  or  behind  it,  as  figured  at  A 
B  C  No.  219.  To  test  the  effect  of  these  various  positions,  ube  vacuum 
nipo  was  so  arranged  by  a  screw  cut  on  it,  as  to  be  pushed  in  or  drawn 
iMLck  at  pleasure.  In  one  experiment,  the  mercury  stood  at  31  inchea 
when  they  were  on  a  line,  as  at  A.  The  vacuum  tube  was  pu^ed  for- 
ward three-sixteenths  of  an  inch  without  any  change  in  the  vacuum ;  but 
when  the  pipe  protruded  three-eighths,  as  at  B,  the  mensuiy  felt  to  18 
inches.  It  was  then  drawn  behind  the  contracted  part  of  A,  and  tha  mer- 
cury instantly  began  to  &11.  When  the  orifice  was  one-fourth  of  an  inch 
behind,  the  mercury  fell  from  31  inches  to  4 ;  ajid  when  drawn  back  one- 
oi^di  of  an  inch  more,  asat  C,  the  steam  descended  the  vaouum  tube  and 
blew  the  mercury  out  of  the  vessel  that_  contained  iL  In  another  expert- 
ment,  the  vacuum  tube  was  one-fourth  of  an  inch  in  advance  of  the  otm- 
tnctod  part,  and  the  marcnry  80  inohea  high  t  when  the  tube  was  draws 


■'"K'^ 


Chsp.  3.]  DoMe  BlowiKg  3Wfe.  498 

back  (d  diat  iu  end  yns  in  a  line  with  the  contracted  part,  the  merctiiy 
rose  Wf  an  inch.  When  drawn  back  oDe-eighth  of  an  inch,  it  fell  to 
17}  inchei. 

That  part  of  the  vacuum  tube  within  the  steam  chamber,  or  back  end 
of  A,  ahould  be  straight,  and  its  axis  should  coincide  as  nearly  aa  possible 
with  that  of  A,  else  the  vapor  in  pasNng  ovor  the  oriBce  will  be  more  or 
lesa  deflected  tq  one  side,  and  thus  diminish  the  vacuum. 

Although  the  blowing  tube  figured  at  No.  2L7  has  its  moQlh  opening 
upwards,  in  practice  we  used  it  in  a  horizontal  position,  oa  at  No.  S19,  OT 
rather  inclined  downwards,  as  at  No.  S31,  that  the  condensed  vapor  might 
not  fall  back  and  enter  the  vacuum  tube. 

No.  2S0  represents  another  modificatioD  of  this  mode  of  removing  at- 
1    J  moapheric  pressure,  by  which  the  vacuum  may  be  carried  to 

I    I  a  greater  extent  than  widi  No.  817.     It  contiats  of  two  blow- 

l    I  "        ing  tubes  attached  to  one  vacuum  pipe.     The  lower  blowing 
tone  in  its  narrowest  part  was  seven-twentieths  of  an  inch  in 
'{  i^jfe    diameter,  and  the  annular  paasage  fur  the  steam  between  it 
^^^  and  the  vacuum  pipe  was  only  one-fiitieth  of  an  inch  in  width. 
.  ^      The  bore  of  the  steam  cock  and  pipe  C  was  three-tenths  of  an 
^\|r      inch.     The  upper  end  of  the  lower  blowing  tube  was  half  an 
/     1^^  iiich  in  diameter,  and  terminated  at  the  contracted  part  of  a 
larger  one,  D,  where  a  space  of  one-thirtieth  of  an  mcb  was 
left  for  the  steam  between  them.'   D  was  nx  inches  long,  and 
its  upper  end  an  inch  in  diameter.     It  was  also  furnished  with 
steam  by  the  pipe  and  cock  £.     (Both  blowing  tubes  in 
the  accompanying  illusDution  are  figured  too  large  for  tbe 
exhausting  one.) 

Wben  this  device  waa  tried,  the  safety-valve  of  the  boiler 

indicated  a  pressure  of  40  pounds  on  the  inch.     The  cock  E 

was  first  opened,  and  as  the  ateam  rushed  from  D  the  mercury 

rose  S  inches.     £  was  dten  closed  and  C  opened,  nponwhicn 

No.no.  *^^  mercury  rose  8.6  inches.     Both  cocks  were  then  opened, 

and  the  morcury  rose  16.6  inches. 

When  the  steam  was  at  60  pounds  and  E  opened,  the  mercuiial  colnmB 

wa*  9  inches.     With  E  closed  and  C  opened  it  rose  15  inches.     Bodt 

cocks  were  next  opened,  and  the  height  was  increased  to  20  inches. 

Steam  at  80  pounds  and  E  open,  &e  mercury  stood  at  17.5  inches.  C 
open  and  E  shut,  it  rose  to  91  inches ;  and  when  both  were  opened,  k 
reached  to  S4J  inches.  The  addition  of  another  blowing  tube  over  D 
would  most  likely  have  carried  it  to  the  full  height  of  the  Darometer.  If 
D  were  inserted  in  a  chimney  in  the  direction  of  the  flue,  it  would  not 
only  increase  the  draft,  hut  the  draft  would  increase  the  vacuum. 

The  steam  pipe  that  supplied  D  was  then  unscrewed  ftom  the  cock  E, 
which  was  left  open.  The  cook  C  was  again  opened,  and  the  mercury 
rose  as  before  to  31  inches,  the  air  ruling  through  E  producing  no  effect 
on  the  column  except  rendering  its  surface  sli^tly  concave.  By  often 
closing  and  opening  the  orifice  of  E  with  the  finger,  no  sensible  change  in 
the  vacuum  could  be  perceived. 

Af^r  removing  the  vessel  of  mercury  from  the  bottom  of  the  vacuum 
pipe,  a  piece  of  twine  several  yards  in  length  which  happened  to  be  laying 
on  the  ground  near  by,  was  drawn  into  the  tube  and  discharged  through 
D.  Tbii  was  repeated  several  times.  By  presenting  oi»  end  near  the 
end  of  the  glass  tube,  the  whole  was  almost  mstantaneonsly  drawn  up  and 
tfatowa  out  by  the  steam,  although  the  vacuum  tube  was  continued  in  » 
boriwnUal  position  nearly  two  feet  before  it  waa  connected  to  the  glaa* 
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on*.     On  appljing  a  vetMl  of  •uul,  uid  another  of  water,  to  1^  end  at 
the  tulie,  the  cuntenu  of  both  were  niaed  and  ducha^ed  in  the  aame  iraj. 

The  vacuum  tube  of  No.  220  waa  connected  to  a  ioda  fountain,  bimI  so 
opening  one-tixteenth  of  an  inch  diameter  made  in  the  latter  to  admit  air. 
The  mercnr^  previoa*  to  nuking  thii  opening  ctood  at  16  inche»,  sjmI  it 
•till  remained  at  that  height.  The  opening  waa  next  widened  to  one- 
eighth  nf  an  inch,  when  the  mercury  full  to  12  inchea.  I^e  opening'  wma 
then  moile  as  large  aa  the  bore  of  the  Tacunm  tube,  (about  five-usteeutha) 
Upon  whicli  the  mercury  fell  tn  six  inches. 

It  is  obvious  that  by  connecting  one  of  these  blowing  instruments  to  na 
air-tight  vessel,  water  muy  be  raised  into  the  latter  by  ibe  atmosphtrre.  and 
ta  ati  elevation  corresponding  with  the  vacuum.  In  one  of  our  earliuct 
axperiments,  we  attached  a  bliiwing  tube  to  a  soda  fountain  placed  22  fipet 
above  the  surface  of  the  water  in  a  well,  into  which  a  pipe  desrendifd  fi-um 
the  upper  part  of  the  founiaiii.  But  by  arranging  a  senes  of  clnte  veiiseb 
at  certain  liidtiinces  above  each  other,  (acoording  to  the  extent  of  the  vacu- 
tim  obtained  by  tlie  apparatus)  water  may  be  raised  in  this  nuanner  to  aajr 
elevation — the  presiuni  of  tlie  atmoephere  transferring  it  from  (ii>e  vessel 
to  another  till  it  arrive  at  the  place  of  discharge,  as  in  Fapiii's  plan,  Je- 
■cribed  at  page  447-8.  An  Engliiih  patent  was  granted  in  1839  fur  a  very 
elaborate  French  machine  uf  thi«  kind.  See  Civil  Engineer  and  Architect'* 
Journal,  vol.  iii,  page  51.  lii  December  1840,  an  American  paient  was 
obtained  for  the  same  thing  by  a  French  merchant  uf  (his  city.  This  gefk- 
deman  has  had  one  constructed  from  drawings  sent  from  Paris.  The  re- 
ceiving  vessels  were  1'2  feet  apart.  The  mode  of  applying  the  steam  ia 
to  discharge  it  at  the  orifice  of  the  vacuum  pipe,  over  a  imull  part  of  the 
peripi^rg,  as  at  A  Nn.  216.  The  steam  however  diiea  not  come  in  contact 
with  the  lideaofthe  vacuum  tube,  aa  in  the  preceding  figures  No.  217  to 
220,  for  tliii  tulie  does  not  form  one  of  the  walls  of  the  small  steam  obam- 
ber  behind  its  orifice— the  chamber  being  a  separate  part  oomplete  in  itself, 
and  having  a  sefnicircular  recess  formed  at  one  side,  into  which  the  va- 
cuum pipe  is  received.  There  is  therefore,  between  the  interior  of  the 
vacuum  t<il>e  and  the  steam  without,  not  only  the  thickness  of  tbe  ii>ctal  of 
which  that  tube  is  fabricated,  hut  also  the  thtcknass  of  the  niate  of  wliit^ 
the  steam  chamber  is  made.  Floats  are  arranged  in  the  interior  of  ibo 
receiving  vessels,  so  that  when  one  of  the  latter  is  Riled  witli  water  frnm 
the  one  below,  the  float  opens  a  valve  to  admit  the  atmosphere  to  preM 
the  c<>ntentii  into  tlie  vessel  next  above  iL 

There  i»  another  mnde  of  raising  water  to  considerable  elevations  by  an 
apparatus  like  Nos.  217  and  220,  and  for  which  they  seem  much  belter 
adapted  than  any  olhvr,  via.  by  admitting  portions  Of  air  to  mix  with  tbn 
ascending  liquid,  as  in  the  examples  given  at  pp.  SS4,  235.  No  air-tight 
rer.eiver  would  then.be  retfuired,  as  both  the  air  and  water  woukl  be  dis- 

the  reason  already  stated,  should 

Wherever  large  vnlum 
ventilation  <if  mines,  these  ii 
cient  and  economical  as  any  device  yet  tried.  A  number  of  vacuum  tubes, 
whoae  lower  ends  were  made  to  terminate  in  different  parts  of  a  mine — 
(they  mieht  be  of  leather  or  other  flexible  materials,  so  as  readily  to  be 
moved  wherever  required)— and  whose  upper  ones  were  connected  to 
one  or  more  blowing  tubes  through  which  currents  of  ateam  were  con- 
Mantly  passing,  would  elTeotually  withdraw  the  noxious  vapors  from  below, 
and  induce  a  more  copious  supply  of  fresh  ur  than  any  forcing  apparatus 
oottid  ever  furnish.     The  waste  steam  of  engines  at  coal  or  other  mine* 


Chap.  3.]  Apparatmjvr  evap^mtiHg  ligwidt  m  vacua.  49S 

might  be  beneficially  &ppli«d  to  large  blowing  tabe*,  and  that  contribtita 
to  the  wune  resulL 

There  are  other  useFul  spplieationa  oftbese  blowing  inetnimentfl.  On« 
of  our  firat  attempts  wu  to  employ  tbem  a«  eubetituteg  for  the  expenuva 
■ir-pumps  worked  by  tteam-enginei,  employed  in  evaporaUDg  lirupa  and 
refilling  (Ugar  by  Howard's  vacaum  plan. 


We  fitted  ap  a  very  strong  old  *till,  (No.  231)  threa  feet  in  diameter  mad 
about  the  same  in  depth.  A  jacket  of  copper  wai  fitted  to  its  lower  part 
eo  u  to  form  a  double  bottom.  The  discharging  pipe  passed  through  the 
jacket,  and  wu  closed  by  a  valve  V.  Steam  being  conveyed  into  the 
jacket  heated  the  liquid  within  the  still,  but  instead  of  taking  steam  from 
the  boiler  expressly  for  this  purpose,  we  mode  use  of  that  by  which  the 
vacuum  was  produced.  The  open  end  of  a  blowing  tube  was  inserted 
into  llie  jacket  as  represented  in  the  cut,and  the  vacuum  tnbeB  connected 
by  a  cock  to  the  neck  of  the  still.  C  the  steam  cock  and  pipe  leading  U> 
the  boiler.  D  a  pipe  that  conveyed  the  surplus  steam  from  the  jacket 
into  the  cbimiiey.  The  oriiice  of  the  vacuum  pipe  within  the  blowing  one 
was  ihree^ighuis  of  an  inch  diameter,  and  ihe  annular  space  around  nfor 
the  passage  of  the  steam  was  the  same  as  in  No.  217.  At  the  fint  tml 
with  this  apparatus,  25  gallons  of  sirup  were  put  into  the  stitl  through  the 
funnel,  and  the  cock  shut.  The  steam  cock  C  was  then  opened,  and  in  a 
few  moments  the  mercury  in  the  gauge  rose  15  inches,  but  in  eight  minutes 
fell  to  10  inches,  the  fall  being  occasioned  by  the  evolution  of  vapor  in  (he 
■till.  The  steam  in  the  boiler  was  raised  higher,  until  the  mercury  rose 
to  16  inches;  bnt  after  the  operalitm  had  been  cominued  about  half  an 
hour  it  commenced  rising,  and  was  at  18  inches  when  the  experiment  was 
closed.  On  anodier  trial  32  gallons  of  nrup  were  poured  in,  and  when 
C  was  opened  the  mercury  rose  to  S2  inches,  but  in  ten  minntea  fell  to  17. 
In  half  an  honr  it  began  slowly  to  rise,  and  in  fifteen  minutes  reached  to 
20  inches,  at  which  height  it  remained  wh«D  the  concentrated  simp  wm 
wididrawn. 

Had  a  double  tube  like  No.  220  been  used,  the  vacuom  might  probably 
have  been  carried  to  28  or  29  inches,  and  the  operation  performed  in  mucM 
less  time.     The  experiment  however  shows  how  small  a  tube  can  wttk 
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dnvr  tha  vapor  arising  from  a  Burface  of  aevea  Rqosre  feet.  It  woald  be 
an  advantage  to  appW  two  or  perhapi  three  separate  blowing  tubes,  of 
different  sizes,  to  eacn  sugar  pan — using  the  largest  first,  to  draw  off'  the 
the  bulk  of  the  vapor,  ana  finubing  with  the  soialier  ones.  There  would 
be  a  saving  of  steam,  and  the  vacuum  might  be  carried  higher  toward* 
the  close  of  an  operation  with  a  very  smal^tube  and  current. 

Another  mode  of  using  these  tubes  to  promote  evaporation,  is  to  draw 
air  through  liquids  instead  of  farcing  it  through  them  with  pumps,  as  in 
the  pneumatic  processes  of  concentrating  sirups.  An  open  boiler,  four  feet 
in  diameter,  was  inverted  and  placed  in  another  over  a  fire  and  containing 
sirup  :  a  blowing  tube,  the  orifice  of  whose  vacuum  pipe  vras  three-fourths 
of  an  inch  diameter,  was  connected  to  the  inverted  vessel,  and  it  drew  so 
much  air  under  the  edges  as  to  cool  the  liquid  to  such  a  degree  that  the 
operation  of  concentration  was  prolonged  to  twice  the  ordinary  time. 

While  engaged  in  making  the  experiments  described  in  this  chapter,  (in 
1835)  and  sumulated  by  the  conviction  that  we  were  the  first  thus  to  apply 
currents  of  steam  for  the  purposes  of  raising  water  and  promoting  the 
evaporation  of  liquids  at  low  temperatures,  Sec.  we  were  exceedingly  sur- 
prised to  learn  that  something  of  the  kind  had  been  previously  done,  or 
proposed  to  be  done,  in  France.  As  we  bad  made  preparations  to  secure 
the  invention  by  a  patent  here,  aud  by  others  in  Europe,  our  experiments 
were  discontinued  with  a  view  to  ascertsiin  the  particulars  of  the  French 
plan,  that  it  might  be  known  whether  we  were  traveling  on  beaten  ground 
or  not ;  but  to  the  present  time  we  have  not  obtained  any  specific  descrip- 
tion of  it,  nor  do  we  know  whether  it  consistedof  a  jet  ofsteaid  discharged 
through  the  centre  of  a  tube,  as  in  Nos.  208,  210,  and  as  applied  to  in- 
crease the  drafi  of  chimneys  in  locomotive  carriages,  or  whether  the  jet 
was  directed  over  the  outside  of  a  part  or  the  whole  of  the  end  of  the 
vacuum  tube — nor  have  we  learnt  what  degree  of  rarefaction  was  obtained. 
We  have  therefore  concluded  to  insert  the  preceding  notice  of  our  labors, 
that  since  we  cannot  claim  priority  in  the  research,  we  may  be  allowed 
the  credit,  if  any  he  due,  for  our  modes  of  application,  and  the  extent  to 
which  they  earned  the  vacuum  and  are  obviously  capable  of  carrying  it, 
especially  by  such  devices  as  No.  220. 

The  whole  of  the  devices,  from  the  blowing  tubes  described  in  the  last 
cb^ter  to  the  apparatus  for  boiling  sugar  in  vacuo  described  in  this,  with 
die  exception  or  tne  patented  plan  of  raising  water  by  a  series  of  vessels 
on  different  levels,  originated  entirely  with  ourselves,  nor  were  we  in- 
debt«d  either  directly  or  remotely  for  so  much  as  a  bint  in  maturing  them 
to  any  persons  or  writings  whatever;  and  upon  them  we  have  also  spent 
no  inconsiderable  amount  both  of  time  and  monev.  But  as  we  have  on 
■everal  occasions  shown  that  new  devices,  so  called,  are  oflen  old  ones,  it 
is  but  just  that  we  should  mate  to  ourselves  the  same  measure  which  wa 
bave  given  to  others.  We  therefore  witli  pleasure  record  the  fact,  that  at 
«  meeting  of  the  Paris  Academy  of  Arts  and  Sciences,  held  in  January, 
1633,  M.  Pellatans  read  a  paper  on  the  dynamic  effects  of  a  jet  of  steam, 
of  which  a  notice  (not  a  description  of  the  plan]  was  published  in  an  Eng- 
lish journal,  and  copied  into  the  Journal  of  the  Franklin  Institute  for  March 
«f  the  same  year — vol.  x,  2d  series,  p.  195. 

There  is  also  desciibed  in  the  London  Mechanics'  Magazine,  vol.  iii,  p. 
S75,  an  experiment  of  a  current  of  air  from  a  bellows  directed  over  the 
orifice  of  an  inverted  glass  funnel,  which  was  placed  in  a  saucer  filled  with 
water.  From  this  (which  we  did  not  see  till  recently)  the  blowing  tubes 
described  in  the  last  chapter  might,  with  a  little  ingenuity,  have  been 
doduced. 
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CHAPTER    IV. 
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There  is  a  Biinple  mode  of  raising  water  which  to  our  knowledge  hu 
never  been  adopted,  nor  yet  suggesied— vie.  hy  Btrught  and.opeo  pipei,  or, 
«s  th«y  migbt  be  ntuned,  tpovUng  tubet. 

Water  is  reiaed  in  the  r*m  (No,  168)  by  the  force  which  the  liquid  ac- 
quires in  flowing  through  descending  channels,  but  id  the  instruments  to 
which  we  now  refer,  the  same  effect  is  produced  by  its  momentum  in 
passing  up  vertical  ones.  So  far  as  respects  the  force  of  a  Uquid  in  mo- 
non,  it  mokes  tittle  difference  in  what  direction  it  moves — whether  the 
liquid  rise  perpendicularly,  or  having  first  descended  at  one  angle  it  ascend 
«t  another.  A  jet  d'eau,  deducting  all  resistances,  rises  with  the  veloci^ 
with  which  it  would  fall  through  the  same  space  ;  but  in  practice,  the  ve- 
locity is  diminished  by  the  length,  figure  and  dimensions  of  the  channel 
through  which  the  liquid  flows,  and  of  the  ajutage  from  which  it  escapes. 

Every  person's  experience  teaches  him,  that  a  very  small  force  is  suffi- 
cient to  disturb  a  large  body  of  water,  and  that  the  consequent  movement 
of  the  liquid  is  long  continued  afler  the  force  is  withdrawn.  A  stone  dropt 
into  a  tank,  or  thrown  into  a  pond,  causes  waves  to  rise  and  roll  to  and 
fro  over  their  whole  surfaces,  and  some  time  elapses  ere  the  movemcnts- 
ceaac.  Days  and  even  weeks  elapse  after  a  storm  is  over  before  the  ocean 
recovers  its  previous  repose.  This  effect  is  the  result  of  the  great  mobility 
of  water ;  its  particles  move  with  such  extreme  facility  among  themselves,, 
and  io  actively  impart  their  motion  to  each  other,  that  a  force  once  com- 
municated to  them  is  long  ere  it  becomes  exhausted.  It  is  the  same  to  a 
certain  extent  when  waves  rise  and  fall  within  tubes  j  for  although  the 
friction  of  liquids  against  the  sides  of  these  channels  is  considerable,  espe- 
cially in  small  ones,  still  the  force  in  the  central  parts  is  but  slowly  con- 
sumed. A  device  therefore  by  which  the  oscillation  of  liquids  is  employed, 
in  transmitting  forces,  will  probably  consume  as  little  in  the  transit  as  any 
mechanical  device  known. 

It  has  already  been  remarked,  that  the  momentam  of  a  flowing  liquid' 
sufTers  less  in  passing  through  a  short  than  through  a  long  tube — through 
a  straight  than  a  crooked  one ;  and  we  may  add  that  this  ia  more  especially 
true  when  the  figure  of  the  tube  is  expressly  designed  to  facilitate  the 
passage  of  the  moving  liquid,  instead  of  being  uniform  in  its  bore  through- 
out. Now  in  these  particulars  spouting  tubes  are  eminently  superior  to 
others,  or  they  may  be  made  so.  They  are  short,  straight,  and  of  a  form, 
adapted  to  the  riung  wave  within  them. 

Motion  is  imparted  to  water  in  a  spouting  tube  either  by  depressing  the 

liquid  below  the  orifice  and  then  admitting  it  to  enter,  or  by  excluding  it 

from  the  tube  till  the  lower  orifice  of  the  latter  be  suilidently  immersed.. 

If  a  pipe  who«e  lower  and  is  closed  be  plunged  perpendicularly  in  water, 
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(lie  liqaid  will  rise  within  it  the  moment  its  eiul  ia  opened ;  but  it  will 
depend  upon  the  length  and  iigure  of  the  tube,  ftnd  the  relative  propnrtioQ 
of  its  two  orifices,  whether  the  liquid  rath  up  ftbove  the  earfikce  without, 
or  slowly  re&ch  it  and  there  remaiD. 

The  following  itre  selected  from  a  number  of  experiments  nude  several 
years  ago.  Instead  of  closing  the  lower  orifice,  the  upper  one  was  closed 
with  tlie  fore  finger,  the  confined  air  acting  the  part  of^  a  corlt,  and  pre- 
vendng  the  liquid  from  enteriug  until  the  nnger  was  removed. 


EzPBR.  I. — No.  223,  a  cylindrical  gloss  tube,  18  inches  long  and  half-incli 
bore.  Its  upper  orifice  was  closed  air-tight  by  the  finger,  and  the  lower 
'one  then  held  four  inches  under  the  surface  of  the  water  in  the  vessel. 
Upon  raising  the  finger,  the  liquid  rose  in  the  tube  six  inches ;  i.  e.  its 
imnmentum  carried  it  two  inches  higher  than  the  surface  in  the  cistern, 
-and  after  a  few  oscillations  it  settled  at  the  same  level.  Cylindrical 
tubes  of  various  sizes  were  tried  at  different  depths,  and  the  average  ex- 
^tent  of  the  rise  (above  the  surface)  was  equal  to  half  the  length  of  the  part 
of  the  tube  immersed  below  the  surface.  If  No.  222  dipped  four  inches, 
'the  rise  was  two — if  eight  inches,  it  was  four— and  if  twelve,  it  was  six. 
By  contracting  either  orifice  the  effect  was  diminished. 

EzPBR.  11. — No.  223,  a  tube  slightly  conical,  16  inches  long,  the  dia- 
meter or  bore  of  the  large  end  half  an  inch,  and  that  of  the  small  end  one- 
third  of  an  inch.  The  rise  of  the  liquid  in  this  exceeded  that  in  No.  222. 
When  tried  with  the  large  end  up,  little  or  no  rise  took  place. 

ExPER.  III.— No.  224,  another  tube,  IS  inches  in  length,  the  diameter 
of  whoie  upper  orifice  was  three-sixteenths  and  of  the  lower  seven-eighths 
of  an  inch.  Four  and  a  half  inches  of  the  lower  part  was  cylindrical. 
When  dipped  four  inches  in  water  and  the  finger  removed,  the  liqijid  rose 
but  two  inches  above  the  surface.  This  was  owing  to  the  cylindrical  form 
of  the  tower  part  of  the  tube,  all  the  water  that  entered  being  required  to 
'fill  the  lower  part.  When  the  dip  was  six  inches,  the  rise  was  five ;  when 
'eight,  the  jet  passed  out  of  the  tube  and  ascended  sixteen  inches.  When 
the  tube  was  lowered  to  ten  inches  below  the  surface,  the  iet  rose  thirty 
inches ;  and  when  the  end  of  the  tube  was  twelve  inches  under  the  surface, 
the  jet  ascended  four  feet  and  a  half.     Fourteen  inches  dip  threw  it  six 
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feet,  Bud  sixteen  incli«i  dip  canwd  it  to  ascend  over  leven  feet  The  riM 
in  cylindrical  tubes,  we  have  seen,  bore  the  ume  relaiion  to  the  dip  at 
varioas  depths ;  but  ihis  experiraent  shows  that  the  elevation  of  the  jet  in 
conical  tubes  increases  in  &  much  greater  ratio. 

EzPEH.  IV. — To  include  the  extreme  proportions  between  the  two  ori- 
fices, we  next  took  a  matrass  or  bolt  head  (No.  2S5)  snd  cat  a  portion 
Trom  the  globe  opposite  the  junction  of  ihe  neck  or  pipe.  The  opening 
thus  rasJe  was  3^  inches,  and  ihe  orifice  of  the  ttlbe  three-tenths.  When 
the  lower  end  was  thrust  two  inches  below  the  surface,  scarcely  any  rise 
took  place  upon  removing  the  finger;  end  when  half  the  length  of  the 
whole  was  inimened,  say  ten  inches,  the  rise  did  not  exceed  six  or  seTcn, 
The  reason  was  plain :  tne  large  volume  of  air  contained  in  the  tower  part 
could  nnt  be  expelled  instantaneously  by  the  pressure  of  the  liquid  column 
through  ilie  small  orifice  alMve,  but  ibe  force  of  the  ascending  liquid  was 
consumed  in  doing  this.  Various  portions  were  now  cut  from  the  lower 
part,  with  a. view  to  ascertain  the  greatest  rise  that  could  be  obtained  with 
ft  dip  of  four  inches.  This  occurred  when  the  diameter  of  the  lower  end 
was  rednoed  to  If  inches :  the  liquid  then  rose  between  nine  and  ten 
incliea  above  the  surface.  The  upper  end  was  tu}w  heated  in  the  flame 
of  a  lamp,  and  the  bore  enlarged  by  pressing  into  it  a  tapered  piece  of 
wood,  till  the  end  resembled  the  conical  ajutage  C  D  in  No.  201.  This 
caused  the  liquid  to  rise  an  inch  higher. 

Expuu,  V, — A  number  of  cnnieal  tubes  of  the  same  length,  (21  inches) 
whose  wide  ends  diverged  or  flared  differently,  were  nest  procured,  with 
the  view  of  selecting  those  through  which  the  jet  rose  the  highest,  as 
tiffbrding  an  approximation  to  the  best  form.  The  one  represented  at  No. 
226  gftve  a  better  result  than  any  other.  With  a  dip  of  Four  inches  the 
jet  rose  thirteen.  The  diameter  of  its  lower  oriflce  was  1.6  inches,  and 
thai  of  the  upper  one  .4:  three  inches  below  the  latter,  the  f>oi«  was  .2. 
At  seven  inches  from  the  small  end,  the  bore  was  .3-^t  fourteen  inches, 
.4 — and  at  seventeen  inches,  &.  The  curve  given  to  the  flaring  part  of 
the  lower  end  should  be  that  which  the  fluid  itself  assumes  in  entering; 
but  that  given  in  the  figure  is  sufficient  for  all  practical  purposes  to  which 
smalt  instruments  of  this  kind  «r«  applicable. 

Before  proceeding  we  may  observe,  that  these  instruments,  simple  as 
they  are,  and  even  when  barged  in  the  manner  indicated  above,  are  sns> 
ce[MiUe  of  some  useful  applications ;  among  which  may  be  nsiced  siphons. 
If  the  lube  No.  286  were  bent  in  tlie  form  of  one,  it  might  be  applied  in 
numerous  cases  to  transfer  acids  or  other  liquids  ;  and  as  it  would  be 
charred  by  the  mere  act  of  inserting  its  short  leg;  into  the  liquid  to  be 
withdrawn,  there  could  be  no  danger  from  sucking,  &c.  as  in  using  the 
ordinary  instrument.  It  will  moreover  be  perceived  from  the  third  expe- 
riment, diat  the  extent  to  which  these  siphons  are  apnlioable  increaaes 
with  the  depth  to  which  the  short  leg  can  bo  immersed :  nut  as  this  chapter 
is  appropriated  to  the  application  of  spouting  tubes  to  raise  water  from 
one  level  and  discharge  it  st  a  higher  one,  their  employment  as  siphous 
will  be  illustrated  in  a  subsequent  part  of  Ons  volume. 

It  will  at  once  occur  to  every  machinist,  that  to  render  tbese  tnbes  of 
any  practical  value  for  raising  ^vaier,  some  mode  of  working  them  very 
different  from  that  of  alternately  opening  and  closing  the  upper  orifice  with 
the  finger,  and  raising  them  wholly  out  of  and  then  plunging  them  into  the 
liquid,  would  be  required  :  atnode  of  regularly  and  rapidly  deptosnne 
the  liquid  within  them,  that  the  wave  fontMsd  by  its  ascent  might  lise  asd 
&11  UDilbnnly. 

There  is  a  unple.'wayof  duogihiaj^If  die  wboWof  the  tnfaellfcbSST 
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be  sunk  perpeniiiealarljr  in  wMer,  except  one  or  two  incbea  by  which  it  ti 
held,  and  then  raised  eight  or  tan  incnes,  air  will  enter  the  Bmall  orifice 
anil  fill  the  part  previously  occupied  by  the  liquid :  if  the  upward  move- 
ment be  very  slow,  the  air  will  gradually  fill  the  interior  without  diiturbing 
the  suHkce  of  the  liquid ;  but  if  the  tube  be  raised  by  a  rapid  morement 
or  slig'ht  jerk,  the  air  will  then  mab  into  the  void  with  a  force  that  will 
pugh  down  the  liquid  befora  it  to  a  considerable  depth,  so  that  on  the  re- 
nscent  of  the  liquid  its  momentum  will  project  a  portioo  in  the  form  of  a 
jet,  precisely  like  Nos.  224,  225  and  226.  It  is  surprising  how  elevated 
a  wave  is  generated  in  the  tube  by  the  slightest  ascent  of  the  latter,  pro- 
vided its  movement  be  made  sufficiently  quick.  The  rise  of  the  water, 
too,  follows  that  of  the  tube  so  rapidly  that  moat  observers  at  first  auppote 
them  to  rise  Bimaltaneously.  The  fact  is,  the  liquid  when  depressed  re- 
tarns  with  such  velocity  as  to  escape  from  the  tube  the  instant  the  stroke 
is  finished,  and  even  before  its  moUon  be  slackened. 

ExFBK.  VI.  A  jet  may  be  produced  by  the  detcaU  of  the  tabe  as  well  as 
by  iu  ascent  Let  No.  2SS  be  so  held  that  its  lower  end  dip  not  more  thaa 
an  inch  or  an  inch  and  a  half  in  the  water,  and  then  be  pushed  quickly 
down  eight  or  ten  inches — a  stream  will  be  projected  from  ita  npper  ori- 
fice to  an  elevation  of  six  or  seven  feet,  and  wilt  be  instantly  folloW^  by 
another  that  will  reach  nearly  as  high.  The  same  cause  opersites  hen  as 
in  the  upward  movement,  but  it  is  diHerently  excited.  A  small  part  only 
of  the  air  within  is  expelled  at  the  end  of  the  stroke,  on  account  of  the 
tube's  rapid  descent,  and  consequently  the  W»ter  is  prevented  from  enter- 
ing ;  bat  as  soon  as  this  movement  of^the  tube  ceases,  the  liquid  rushes  JD 
and  a  portion  ascends  in  the  form  of  a  jet.  On  the  subsequent  ebb  of  tbe 
wave  within,  another  one  rises  nearly  equal  to  the  first,  (md  causes  the 
second  jet.  The  following  experiment  will  illustrate  both  movements: — 
A  small  glass  tube  eight  inches  long,  its  wide  end  an  inch  and  five-eightlw 
diameter  and  its  small  end  one-eighth,  was  employed.  By  its  upward 
movement  or  stroke  the  extremity  of  the  jet  reached  to  on  elevation  of  mne 
feet.  By  the  downward  stroke  a  jet  rose  six  feet,  which  was  succeeded 
by  another  that  reached  four  feet  and  a  half.  Now  if  both  moveroeirtB 
are  properly  combined  in  a  spouting  tube  of  large  dimensions,  we  believe 
the  instrument  may  be  made  to  raise  as  much  water,  in  circunutaDcea 
adapted  to  its  employment,  as  any  other  hydro- pneumatic  machine. 

If  the  figure  given  to  No.  226  should  be  fonnd  better  adapted  thm  any 
other  when  the  tube  is  used  as  a  siphon,  it  does  iMt  therefore  follow  that 
the  same  form  would  be  the  most  suitable  to  produce  jeti  of  w«ter.  Id 
the  former  case  the  instrument  acts  while  at  rest,  but  in  the  latter  a  con- 
stant and  rapid  movement  is  required ;  hence,  to  prevent  an  unneeessaiy 
expenditure  of  the  power  employed,  it  should  be  ao  formed  as  to  present 
as  little  opposing  surface  to  the  resistance  of  the  dense  fluid  in  which  h 
works  as  is  consistent  with  the  elevation,  or  quantity  of  water  to  be  raised 
by  it.  This  remark  applies  particularly  to  the  lower  or  wide  end,  for  if 
that  part  be  suddenly  expanded  or  flared  like  a  trumpet,  a  volume  of  water 
of  equal  diameter  has  to  be  displaced  in  the  reservoir  every  time  the  tube 
is  pushed  down,  and  also  a  ring  of  water  whose  external  diameter  is  the 
same  (the  internal  one  being  bounded  by  the  tube)  every  time  the  lattN- 
is  lifted  up.  When  used  as  spouting  tubes  the  lower  end  should  there- 
fore Bare  very  little,  if  any,  unless  in  cases  where  the  outlay  of  power  to 
work  them  is  of  little  consequence  or  of  secondary  importance.  The 
upper  end  of  a  spouting  tube,  when  intended  to  throw  jets  from  its  wifice, 
should  not  diverge  like  that  of  No.  286,  since  the  elevation  of  the  stream 
would  be  thereby  dinunished :  instead  of  rising  m  a  compact  jet,  it  would 
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sooner  become  expanded  «nd  broken,  Wlion,  however,  one  of  thesa 
inimiroenU  is  intended  to  deliver  water  M  a  level  with  its  upper  oriRea 
only,  then  the  diacharging  orifice  ahould  reiemble  that  of  No.  286,  or  C  D 
in  No.  201,  u  an  increased  discharge  of  the  liquid  would  in  thai  case  take 
plkce  ;  a  greater  flow  of  air  would  enter  on  the  ascent  of  the  tube,  and  a 
fairer  volume  of  water  flow  out  on  its  return. 

ExPEa.  VII. — A  number  of  conical  tubes,  ten  inches  long,  were 
prepared.  The  diameter  of  the  small  ends  of  all  was  ^  inch,  while  the 
Urge  end*  were  respectively  4  inches,  3),  3,  S|,  2},  3^,  2,  If,  1^,  1^  and 
1 ;  and  besides  these,  two  cylindrical  ones  of  }-  inch  and  ^  inch  bore. 
With  the  cylindrical  tubes  no  jet  could  be  produced  by  any  movement 
given  to  them,  either  quick  or  slow,  however  deep  they  were  immersed  j 
nor  yet  when  they  were  inclined.  When  the  conical  ones  were  immersed 
half  their  length,  and  worked  without  plunging  them  deeper,  no  water 
could  be  ejected :  the  cause  of  this  however  was  not  the  same  in  all.  In 
sis  or  seven  of  Uie  largest,  the  parts  below  the  surface  were  too  capacious 
to  be  filled  instantaneously  with  air  through  the  small  oriRce  above  as  they 
were  raised.  The  sound  made  by  the  entering  fluid  {like  a  person  gasping 
for  breach)  showed  this,  especially  in  the  largest  But  in  the  smaller  sizes, 
the  air  entered  as  fast  as  they  were  raised,  and  consequently  disturbed  but 
slightly  the  surface  of  the  liquid  within. 

When  any  one  of  them  was  immersed  within  an  inch  of  the  small  end 
and  then  moved  two  or  three  inches  up  and  down,  a  jet  was  thrown  out, 
and  from  the  large  ones  with  considerable  force,  on  account  of  the  greater 
mass  of  the  liquid  put  in  motion  in  their  lower  part.     Still,  however,  the 
jet  did  not  rise  so  high  from  the  large  as  from  some  of  the  smaller  tubes, 
because  the  sides  of  the  former  converged  so  rapidly  to  the  dischai^ng 
orifice  that  the  liquid  particles  crossed  and  counteracted  each  other  as  uiey 
issaed.     Short  cylindrical  ajutages  soldered  on  two  of  the  largest  made 
no  sensibia  improvement     The  dioadvautages  of  making  the  lower  porta 
too  wide  or  spacious  for  the 
entering  air  fully  to  occupy, 
was  also  very  apparent  when 
the  tubes  were  raised  five  or 
Kx  inches  in  working  them. 
The  water  wiibin  not  being 
wholly  displaced,  it  bung  in 
Aem  as  in  an  inverted  tum- 
bler or  bucket,  and  eonse- 
I  quently  its  weight  was  add- 
ed to  tJiat  of  the  tube.    Thi> 
not  only  required  an  increase 
of  force,  but  the  intended 
effect  was  diminished  and  in 
a  great  measure  destroyed. 
The  same  thing  of  course 
occurs  if  a  smaller  tube  be 
used,  with  a  large  additional 
part  to  its  lower  extremity, 
as  at  No.  2S9.     To  obviate 
this  by  furnishing  a  larger 
supply  than  would  enter  the 
M.W.  NixnoL  NslSJL     Mii.n     iia.m  smdler  orifice,  we  adapted 

an  air  tube  whose  exterior 
vod  wu  covered  by  «  vslve  opening  upwards,  as  shown  in  the  etit.    The 
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force  required  to  work  the  lu^r  tubes  wu  ver^  Beoiible,  but  with  the 
•mailer  ones  it  wu  tcarcoly  appreciable.  Those  whuM  larger  ends  were 
3  inches  and  1$  inchoB  produced  the  hif^hest  jeta.  but  the;^  were  obviousljr 
too  much  tapered  for  practical  purpocea,  sjid  even  the  sides  of  the  smallest 
one  pained,  Ibrmed  too  large  an  angle  to  be  applied  with  advantage  at 
great  depths. 

The  tube  No.  230,  two  feet  one  inch  in  length,  was  made  of  tin  plate. 
It  consisted  of  a  conical  piece  22  inchea  long,  1^  inches  wide  at  one  end, 
umI  ^  inch  at  the  other.  To  [he  wide  end  a  flaring  piece,  3  inches  long 
and  4  dinmeier  at  the  lower  edge,  was  added.  This  piece  was  made  of 
aheet  lead  for  the  oonvonieDCe  of  formiDg  IL  When  wholly  immersed  in 
water,  encept  2  or  3  indies  by  which  it  was  held,  this  tube  threw  a  jet  15 
feet  high.  By  the  upward  stroke  the  jet  rose  12  TeeL  When  the  diverg- 
ing HJuiBge  A  (whose  contracted  part  was  the  same  as  the  orifice  of  the 
tube)  woa  slipped  on  the  Islter,  the  jet  was  dispersed  before  it  rose  8  feeL 
An  inch  was  cut  off  the  lower  end,  leaving  the  diameter  3  inches,  upon 
which  the  jet  rose  to  about  14  feet.  Aiwther  inch  was  then  removed, 
when  it  rose  still  lower )  yet  it  might  still,  bv  a  quick  back  stroke,  be 
thrown  nearly  as  high  as  at  the  first.  It  would  therefore  seem,  that  al- 
though a  large  daring  end  require*  more  force  to  ruse  it  than  a  small  one, 
vet  the  increased  velocity  required  to  be  given  to  the  downward  stroke, 
in  order  to  roiae  the  jet  to  an  oqual  height,  comes  to  much  the  some  thing. 
There  is  a  way  however  by  which  the  resistance  which  a  large  daring  end 
meets  with  from  the  water  may  be  avoided  In  the  upward  stroke,  via.  by 
enclosing  the  tube  in  an  air'tight  eylindrical  one,  nf  the  diameter  of  th« 
flaiing  end,  as  represented  by  the  dotted  lines  in  No.  230 :  or  the  instrn- 
ment  might  be  inserted  in  a  wooden  tube,  whose  apucific  gravity  was 
about  the  same  or  rather  less  than  that  of  water. 

No.  231  was  3^  feet  long,  formed  of  copper,  and  of  a  regular  taper  to 
within  four  inches  of  its  lower  end.  Its  diameter  at  the  sniBll  end  wm 
half  an  inch,  and  at  the  lower  end  3}  inches,  to  which  a  piece  flared  out 
to  six  inches  was  added.  By  an  upward  stroke  of  18  inches,  the  jet  rose 
17  feet ;  and  by  a  downward  stroke  of  one  foot,  it  rose  to  the  same  height 
(These  measurements,  and  the  others  memioned,  relate  to  the  extreme 
height  to  which  a  small  part  only  of  the  liquid  rose.  The  main  body  of 
the  jet  seldom  reached  over  two-thirds  of  the  distance.)  When  the  up- 
ward stroke  was  continued  2|  feet,  the  rushing  air  pushed  all  the  water 
out  of  the  tuhe,  and  rose  np  on  the  outside. 

EXPER.  Vlli. — We  neit  prepared  a  larger  tube,  and  arranged  it  *0  as 
to  be  worked  in  a  light  wooden  frame,  which  waa  secured  in  a  wine  pipe 
filled  with  water.  (See  No.  233.  The  wine  cask  is  omitted.)  This  m- 
•trument  was  deemed  equal  to  any  that  was  tried — the  quantity  of  water, 
and  the  elevation  to  which  it  was  raised,  being  compared  with  the  force 
employed.  It  should  not,  however,  be  considered  as  exhibiting  anything 
like  the  maxinnum  elfect  which  spouting  tubes  are  capable  of  prodncing, 
becauso  the  friction  of  the  liquid  m  passing  through  so  small  on  oiifice  as 
that  of  No.  233  was  very  considerable.  The  reader  is  therefore  requested 
to  bear  in  mind,  that  the  larger  the  bore  of  these  tubes,  the  mor«  favorable 
would  be  the  rasull ;  and  that,  although  jets  of  water  may  be  thrown  very 
high  by  them,  yet  they  are  better  adapted  to  raise  large  volumes  of  water 
to  small  heights. 

The  tube  No.  233  was  fivo  feet  long.  It  wa«  composed  of  one  piece  4 
feet  4  inches  in  length,  .75  of  an  inch  diameter  at  one  end,  and  2.9  inches 
at  the  other.  To  this  end  a  piece  5  inches  long  was  added,  which  made 
tke  diameter  5,5  inches ;  and  to  this  another  piece  3  inches  long,  wfakb 


oogic 


Ch^>.  4.]  Raumg  Water  mt&  0pm  TUe*.  fi03 

m«d«  tKs  estreme  «nd  of  the  tub«  7^  inehes  diameter.  The  tube  as  ttiiu 
fomiMl  waa  aecarad  to  ft  itn^bt  atrip  ctf  wood  of  nearly  tbe  same  length, 
hj  meana  of  tbrea  copper  strapa,  which  were  aoldered  to  ihe  tube  and 
tcrewed  to  the  wood.  (Seethe  fi^re.)  About  a  foot  from  each  end,  and 
urosa  the  back  of  the  atrip,  two  piocea  of  wood,  3  inches  long  and  1} 
wide,  were  leciired.  They  projected  balf  an  inch  over  each  side  of  the 
■trip,  and  were  beveled  at  the  ends,  so  as  to  fit  into  and  slide  readily  up 
and  down  in  a  doT«tailed  groove  formed  on  the  face  of  the  post  F  F. 
This  post  was  secured  in  an  inclined  position,  as  represented.  When 
large  tubes  are  used  tbey  should  always  be  inclined,  that  the  water  once 
raised  above  the  orifice  may  not  fall  into  it  again  and  run  back,  'i'he 
■nrface  of  the  water  in  the  cask  was  13  inches  )>elow  the  upper  end  of  the 
tube,  and  upon  woritinf^  the  latter  the  jet  (}  of  an  inch  diameter)  rose  23 
feet.  A  piec«  of  pipe  was  next  slipped  on  the  end,  which  made  the  tube 
a  foot  longer,  and  reduced  the  orifice  to  half  an  inch,  when  the  jet  rose 
little  if  any  higher  than  before.  Another  tapered  piece  of  pipe  was  added 
to  the  last,  making  the  orifice  five-sixteenths  of  an  inch,  upon  which  the 
jet  did  not  ascend  orer  lix  or  eight  feeL  An  air-pipe,  figured  at  No.  232, 
was  now  added,  that  the  water  might  be  fully  depressed  in  the  tube  on  its 
aaoent,  but  the  jet  waa  ao  pinched  at  the  orifice  that  no  obvious  change 
was  perceived. 

The  upward  stroke  ought  to  be  so  regulated,  that  the  sir  in  rushing 
down  should  push  nearly  all  the  water  out  of  the  tube,  that  the  wave  in 
rising  may  be  urged  up  with  the  full  preasure  of  that  above  it  in  the  re- 
•ervcir ;  hence  the  elevation  of  the  jet  produced  by  the  upward  stroke  of 
a  apouting  tube  depends  chiefly  upon  the  depth  of  its  immenion.  But  if 
the  upward  movement  exolade  nearly  all  the  water,  the  downward  one 
if  made  with  due  velocity  prevents  it,  or  much  of  it,  from  entering  before 
the  lube  itself  gets  nearly  to  the  end  of  its  stroke,  and  consei^uently  the 
affective  height  of  the  hydrostatic  column  is  then  increased  to  an  extent 
equal  to  the  length  of  the  stmke.  On  the  other  hand,  if  the  upward 
movement  be  made  bo  quick  that  the  air  has  not  time  to  fill  the  enlarged 
■pace  below  before  the  stroke  is  finished,  then  little  or  no  rise  will  take 
place.  The  operation  in  this  case  is  the  converse  of  tbe  experiment  with 
the  matrass.  No.  325. 

When  the  movements  of  one  of  theae  iDstrumenta  are  properly  timed, 
the  iMfrlia  of  the  descending  air  and  ascending  liquid  is  peculiarly  bene 
ficial.  In  ordinary  machines,  where  the  direction  of  moving  maases  is 
reversed,  or  when  they  are  alternately  brought  Into  a  state  of  rest  and 
motion,  tbe  inertia  is  overcome  by  an  outlay  of  the  force  employed  ;  but 
this  is  not  the  case  with  spouting  tubes.  Thus  when  a  tube  la  raised,  tbe 
air  descends  into  the  vacuity  leu  by  the  redring  liquid,  and  when  iti  mo- 
mentum is  expended,  its  motion  is  conbnued  by  inertia  alone,  and  conse- 
quently the  water  is  pushed  down  still  further.  Then  again,  on  the  ascent 
of  the  liquid  the  elevation  of  the  jet,  or  the  volume  discharged,  will  be 
increased  if  the  inertia  of  the  rising  wave  be  suffered  to  expend  itself 
without  interference  by  an  untimely  movement  of  tbe  instrument. 

A  reciprocating  rectilinear  movement  might  be  given  to  spouting  tubes 
by  a  spring-pole,  as  in  the  «nmr  hydratdique.  The  movement,  however, 
should  be  regulated  by  that  of  the  wave.  This  might  be  accomplished  in 
large  tubes  by  connecting  to  tbe  moving  apparatus  a  heavy  pendulum, 
whoso  length  could  be  increased  or  diminiined  according  to  that  of  tlie 

If  a  tank  or  reservoir  be  not  sufficiently  deep  for  the  employment  of 
&eao  tabes,  tn  opening  of  the  proper  use  aitd  depth  might  be  made  tt 


„glc 


604  TMe  Sa^Umr.  [Book  V. 

die  corner  or  ude  in  which  to  work  them.  When  wUer  is  to  be  diKhar^ed 
OQ  a.  Wvel  with  the  orifice,  the  upper  part  of  the  tube  ibould  slide  through 
another  tixed  to  and  st&nding  ■bovs  the  bottom  of  ihe  roceiviog  cistern, 
that  the  liquid  when  once  raised  may  not  ran  back ;  and,  fhr  the  same 
reason,  the  tube  should  be  inclined.  Among  other  uses  to  which  they 
are  applicable  is  that  of  occasionally  watering  or  wasbmG;  trees  and 
plants.  In  public  gardens  and  other  places,  where  a  jet  a'eau  cannot 
otherwise  be  conveniently  obtained,  these  instruments  might  be  placed 
in  a  reservoir  and  moved  by  concesied  mechanism,  so  as  to  jMwluce  one ; 
and  although  it  would  consut  of  a  succession  o£  jets,  the  movements  might 
be  so  regulated  that  they  would  appear  but  one.  The  motion  of  the  tube 
itself  might  also  be  hid,  by  making  it  play  in  the  interior  of  a  fixed  one, 
above  whose  orifice  it  need  not  protrude.  In  this  manner  the  air  in  fac- 
tories, hospitals,  and  rooms  of  private  dwelUngs,  might  be  kept  cool,  and, 
by  perfuming  the  water,  rendered  very  agreeable  and  refreshing  in  sultry 
weather.  In  fact,  at  every  place  where  a  fountain  is  desirable,  a  vsse 
and  spouting  tube  might  be  used. 

The  experiments  we  have  ^ven  are  very  imperfect,  but  tbey  may  serve 
tn  excite  Uiote  persons  who  have  leisure  and  opportunity  to  pursue  the 
subject.  This  mode  of  raising  water  is  deserving  of  a  rigid  investigatioD, 
and  will  amply  repay  all  the  labor  expended  upon  it. 

There  is  a  naturu  illustration  of  spoudng  tubes  in  the  Soi^titr,  or 
Blower,  on  the  south  side  of  the  Mauntius.  The  action  of  the  waves  hss 
undermined  some  rocks  that  run  out  into  the  sea  from  the  main  land,  and 
hss  worn  two  passages  that  open  verticatty  upwards.  They  are  repre- 
sented "  as  smooth  and  cylindrical  [conical  f]  as  if  cut  by  a  chisel."  When 
a  heavy  sea  rolls  in,  it  lills  in  an  instant  the  caverns  underneath,  and  finding 
no  other  egress,  a  part  is  forced  up  the  tubes  to  an  elevation  of  sixty  feeL 
The  moment  the  waves  recede,  the  vacuum  lef^  by  them  causes  the  wind 
to  rush  into  the  apertures  with  a  noise  that  is  heanl  at  a  considerable  dis- 
tance. See  a  description  of  this  pheikomenon  in  the  Saturday  MagastiM^ 
Tol.  vi.  p.  77. 
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CHAPTER    V. 


tuba  *ai  aipheet—iaUfmluiat  (priJip— Nuanl  niu  ud  piiiinK 
iba  cwl  ot  lulj— Wiut  nlud  i>  Tipor— Clgid^WiUr  nUed  by 
■V((*I«lii»— Ail?ulnMiifnini)'in(  It— EtniiKwi  •!«>•  of  fnwn  ki^ 

■nncUoB— TeucHr  *wl  Btb»rprgiMnlMof  U^midj    Atceml  of  lti|iildi  up  inciiwd  p>mi    Ijqild  d»p« 
— TksLt  laUbiB  diCoiiu  wk*B  not  ««iiurHt<d  br  fnii^'-Tbtlr  1 
•ohUriif— Awm  sT  iiiiui  ii  aplUur  Isba  Unlud  eait  by  iti 
•f  wmWr  lhnM|b  lud  ud  nft— KIh  of  oU  ii  Uap  wkk 

Beforb  iftkiag'  le&ve  of  aniRct&l  machineB  for  rauin^  water,  a  few  of  th« 
inoit  prominent  of  those  which  nature  employa  may  be  noticed  ;  for,  after 
ftll,  the  best  of  human  contrivances  are  but  imitations  of  hers. 

The  extant  to  which  rHisiog  of  water  is  carried  by  nature  is  wtmderfnl. 
Persona  who  hare  not  reflected  on  the  subject  would  hardly  suspect  the 
influence  which  this  operation  exerts  on  our  globe ;  yet  it  is  one  which 
the  Creator  has  adapted  to  bring-  about  results  upon  which  die  happinesa 
of  ail  things  living  depend.  To  the  elevation  of  water  into  the  atmosphere, 
and  its  return  to  the  earth,  the  formation  of  continents  and  islands,  lakes, 
nvera,  fountains,  valleys,  plains,  Krave'i  rand,  mould.  See.  are  due.  The 
fertility  of  soil,  growth  of  vegetables,  and  life  of  animals,  are  also  to  be 
attributed  in  a  greater  or  less  degree  to  the  same  source. 

Of  nature's  machinery,  devices  to  raise,  difiuse  and  collect  water  are 
the  most  eomnan.  They  pervade  all  her  works — the  most  magnificent 
and  the  most  minute  :  and  if  we  turn  our  thoughts  to  the  world  at  large 
and  contemplate  it  as  a  whole,  we  find  it  performing  the  part  of  an  immense 
hydraulic  engine,  one  which  never  stops  working,  and  whose  energy  never 
&gt.  In  almost  every  point  of  view  this  feature  is  obvious.  Iq  its  ex> 
tenor  our  planet  is  rather  acjueous  than  terrene.  Three-fourths  of  its 
surface  are  sunk  into  basins  and  scooped  into  c^iannels  for  the  reception 
and  transnuisaion  of  water  ;  more  than  one-half  is  occupied  by  the  ocean, 
the  principal  reservoir ;  while  the  other  half  is  intersected  in  evei^  direc- 
tion by  lakes,  rivers,  and  rivulets  innumerable,  that  convey  the  dispersed 
liquid  back  to  the  sea.  The  motion  imparted  to  water  also  exhibits  every 
degree  of  ocbvity  and  agitation,  from  overwhelming  torrents  and  moun- 
tainous waves,  to  the  gentle  shower  that  descends  as  if  dropt  through  the 
finest  cullender,  and  the  placid  stream  that  elides  imperceptibly  by. 
Sometimes  we  behold  it  running  with  the  speed  of  a  race  horse,  roar- 
ing among  rapids,  le^ing  over  precipices  and  darting  down  cataract*^ 
here  dashed  into  spray,  there  churned  into  foam ;  now  winding  in  eddies 
and  gyrating  in  whirlpools ;  passing  through  diannels  whose  paths  are 
tortuous  as  tnose  of  a  serpent,  and  shooting  through  others  straight  as  an 
arrow. 

Open  channels  and  reservoirs  constitute,  however,  but  a  part  of  nature'a 
hydraulic  machinery.  In  the  interior  of  the  earth,  are  close  and  ait^ligbt 
xeiervoirs,  and  tabei  of  every  imaginable  size  and  figure,  and  of  incon* 
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ceiv«bl«  ■trcDgth.  Theas  receiTa  and  tranimit  liquid  colamna  wfaoM 
hydrotiatic  pressure  would  ibirer  the  Btrongcat  conduits  mode  by  man, 
while  the  volumei  of  water  that  play  within  and  ptM  through  them  render 
utterly  inaignificant  all  ths  products  of  ardlictal  engine*.  We  know  that 
rivers  sometimes  dischar^  themselves  into  subterraneous  tubes,  which, 
transporting  the  fluid  to  a  distance,  a^in  vomits  it  up.  In  this  manner 
water  is  oRen  conveyed  to  places  where  its  appearance  is  diflicnit  to 
account  for,  because  of  the  level  of  all  the  neighboring  regions  being 
far  below  the  aperture  of  diaoh^rgW'  '  tbiabeing-soMetimee  on  thesuimiut 
of  mountains,  and  often  at  their  sides. 

But  the  tninsniiBdion  of  water  from  one  level  to  another  through  pipes, 
is  one  of  the  simplest  operations  in  natural  as  it  is  in  artificial  hydraulics. 
.The  fleaure  of  the  tubes  fabricated  by  nature  convart  some  of  them  into 
siphons,  and  these  often  decant  the  contents  of  caverns  in  which  water 
.slowly  aoeumnlates.  The  liquid  rises  till  it  Aowi  ^over  the  highest  bend 
'in  the  tube,  and  the  siphon  being  tbus  charged  continues  in  operation,  like 
one  of  ours,  until  the  reservoir  that  supplies  it  be  emptied,  or  the  coiilenU 
reduced  to  a  level  with  the  external  oriKco  of  the  discharging  leg.  The 
•cnon  then  ceases  until  the  cavern  be  aeain  filled  and  the  operation 
renewed.  Heaoe  intarmitiing  springs,  and  some  of  thoae  that  ebb  and 
Sow. 

Natural  machines  aoalogons  to  water-runs,  pressure  engines,  and  foun- 
tains of  compression  are  doubtless  also  in  operation  in  the  bowiJs  of  the 
aanh.  Is  the  intricate  and  infinitely  variegated  cbasms  and  fissures 
through  which  water  is  falling  and  gases  collecting,  the  principles  of  rhose 
machines  most  necossanly  be  often  excited,  and  on  scales  of  magnitude 
calculated  to  strike  us  with  awe.  It  is  not  improbable  that  some  u  those 
horrible  emptions  mentioned  in  history  and  othera  that  have  occurred  at 
Ma  without  human  witnesses  were  effected  by  machinery  of  this  descrip- 
tion. The  subai^neous  eruption  which  oeoun«d  on  the  south-west  coast 
of  Italy,  in  1631,  was  probably  an  example.  A  column  of  water,  800 
yards  in  circumference,  was  forced  to  an  elevation  of  sixty  feet,  and  an  . 
island  formed  of  the  solid  materials  displaced. 

But  natural  devices  are  not  confined  to  such  as  ruse  liquids  hy  the  mo- 
mentum they  nctjuirs  in  flowing  through  tubes,  or  oscillatiug  in  wnvas, 
nor  by  the  hydroatatio  pressure  of  one  volume  tnnsmitted  by  means  ot 
airs  to  inother.  There  are  some  in  which  water  is  raised  by  solar  heat. 
The  liijuid  is  converted  into  steam  or  v^mr,  in  which  siAte  it  is  rendered 
lighter  than  ur,  and  consequently  ascends.  This  may  be  considered  a* 
nature's  favorite  plan.  It  is  in  operation  everywhere,  and  always.  By  it 
water  is  drawn  fromeveiy  partof  the  earth's  suritwe—bodi sea  and  land, 
«nd  by  it  nceans  of  the  liquid  are  kept  suspended  above  us  in  the  form 
.of  clouds,  until  it  sgnin  returns  in  showers  of  rain  and  drifts  of  hail  and 
■now.  Of  tlie  quantity  thus  elevated,  we  may  form  some  rude  idea  from 
the  calculations  of  Haliey  respecting  that  drawn  daily  from  the  sur&ce  of 
the  Mediterranean,  vis.  between  five  and  six  millions  of  tons  1  a  result 
which  he  deduced  from  experiments.  Every  person  knows  that  canala 
require  an  extra  supply  of  water  to  meet  the  expenses  of  evaporatioa. 
By  experiments  on  the  canal  of  Languedoc  in  Franee,  the  annual  quan- 
tin  thus  borne  oft  was  found  to  be  nearly  three  feet  in  depth  over  its 
wnole  area.  Clouds  of  vapor  or  steam  are  often  observed  hanging  over 
marshy  groond,  until  the  wind  rises  and  bears  them  away.  In  hot  sea- 
aons  copioiu  steanu  may  be  seen  ascending  just  after  a  shower ;  bat  in 

Enenl  aqueous  vapor  thus  generated,  is  invisible  as  it  is  impalpable, 
dear  weathor,  we  are  not  Miwbla  eS  iu  presenoe  or  of  its  movemento. 
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We  litnrally  lire  in  it,  u  in  the  *pray  of  b  fouatain,  but  our  pereeptunu 
tie  too  grou  to  delect  it. 

How  simple  ii  this  mode  of  mieing  water,  and  y^t  how  efieetive !  How 
silently  does  it  work,  and  yet  how  iure  I  la  iti  liquid  state,  water  ia  too 
heavy  to  be  smpeDded  in  the  firmament ;  hence  the  Creator  has  made 
this  proviiion  to  attenuate  ita  particlee  by  heat.  It  then  rtsea  opwarda  of 
ita  own  accord — neither  wheels  nor  cranks,  pumpa,  piatona,  pipes,  nor 
even  power  is  required  to  aend  them  up,  or  to  keep  thero  there ;  and  yet 
billions  of  tons  are  rising  every  hour,  and  accumulating  in  masaea  to 
^reat  aa  to  baffle  language  to  describe  or  thought  to  grasp.  And,  what 
U  equally  remarkahte,  neither  cisterns  are  required  to  contain,  nor  con- 
duits through  which  to  convey  them.  The  phenomenon  teaehas  us  how 
a  heavier  fluid  may  be  suspended  in  a  lighter  one,  and  that  the  propositiMi 
of  water  being  800  times  heavier  than  air,  ia  only  oonditionally  true- 
depending  merely  npon  the  atate  in  which  those  fluids  are  ordinarily 
exhibited  to  us.  To  increase  our  adminuion,  the  salt  water  of  the  ocean 
ia  during  the  process  of  elevation  distilled  into  fresh,  thus  furnishing 
among  other  su^geatioDs  that  by  whioh  navigators  have  ofteu  adopted  ta 
sustain  life  in  the  entremities  of  thirat. 

Water  is  also  continually  being  converted  into  vapor  and  urged  into 
the  atmosphere  by  subterraDean  heat.  Our  planet  may  be  considered, 
as  indeed  it  was  by  the  anoienta,  as  a  cauldron,  in  which  steam  is  gene- 
rated by  those  6res  whoae  flues  are  volcanos.  Oceana  of  the  liquid  aie 
incessantly  but  silently  thrown  up  from  this  cause.  But,  as  might  be 
expected,  from  the  intncote  arrangement  of  internal  chambers  and  chaoneta 
of  conuniinicatiou,  steam  must  oflenaocumulate  in  cavities  until  its  elasticity 
drives  up  the  water  that  seals  the  passage  to  the  surface.  Hence  boiling 
and  thermal  springs,  and  hence  alao  the  hot  spouting  springs  of  Icelano. 
According  to  Olafaen,  a  Danish  traveler,  one  of  the  Geysers  exhibited  a 
jet  at  one  time  19  feet  in  diameter  and  360  feet  high  1 

Modern  authors  explain  the  phenomenon  of  earthquakea  by  the  acen- 
mulatJon  of  steam  in  the  bowels  of  the  earth.  Plutarch  says  the  Stme 
philosophers  did  the  same  ;  but  long  before  Zeno  appeared  the  OfHuion 
prevailed,  and  caused  the  epithet  "  shaker  of  the  earth"  to  be  given  to 
NeptuM.  The  mechanical  as  well  aa  chemical  operations  going  on  within 
the  earth,  are  wonderful  in  their  nature  and  tarrible  in  extent.  WeU 
might  mythologists  locats  the  workshops  of  the  gods  there,  and  place  the 
forges  of  Vulcan  and  the  Cyclops  at  the  base  of  volcanos. 

Of  contrivances  for  raising  liquids,  as  developed  in  the  organization  of 
animals,  we  took  some  notice  in  the  second  and  third  books-  Most  if  not 
all  of  them  may  be  considered  modifications  of  bellows  and  piston  pumps. 
In  the  vegetable  kingdom,  other  devices,  and  such  as  are  baaed  on  other 
principles,  are  in  active  operation.  This  portion  of  creation  exhibita  in  m 
■triking  light  the  important  part  which  devicea  for  raising  water  perform 
in  the  constitution  oi  our  glohe.  Every  tree  and  every  plant,  from  iIm 
towering  cedar  of  Lebanon,  to  the  hyssop  that  spriagetfa  out  of  the  wall, 
from  the  wide-spreading  banyan  to  a  wheaten  straw  or  melon  vine,  ia  a 
natural  pump,  through  whose  tubes  water  is  drawn  from  the. earth  or 
imbibed  from  the  air. 

There  is  something  exceedingly  pleasinff  and  sublime  in  the  contempla- 
tion of  the  growth  of  vegetables,  the  germination  of  seeds,  appearance  of 
•prouts,  development  of  stems,  branches,  leavea,  buds,  blossoms,  flowera, 
and  fruits^- their  variegated  forma,  dimensions,  movements,  colors,  and 
odors.  Some  persons  who  have  never  turned  their  attenbon  to  this  subject 
till  the  evening  of  their  days,  have  been  astanished  at  the  wonders  which 
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burst  on  their  vieW.  A  new  it&te  of  «xtstene«  aeenied  to  open  upon  them. 
Their  perception  and  eitiraate  of  thinn  were  changed.  Instmd  of  con- 
eidering  the  world  u  calculated  only  for  what  man  too  generally  make* 
it — a  scene  for  the  display  and  gntiiicafion  of  the  most  ^velin^  and 
sordid  passions,  ihey  find  it  a  theatre  crowded  with  enchanting  apecimeiM 
of  the  Creator's  skill,  the  study  of  which  imparts  the  sweetest  pleasure, 
and  the  knowledge  of  which  constitutes  the  greatest  wealth. 

Tho»e  pious  but  mistaken  people,  who  incessantly  inurraDr  against  the 
world,  and  long  to  depart  from  "this  howling  wilderness,"  as  they  an 
pleased  to  term  it,  reproach  their  Maker  by  reviling  his  work.  They  %n 
waiting  for  future  displays  of  his  glory,  and  neglect  those  rarishin^  one* 
by  which  they  are  surrounded,  forgetting  that "  the  whole  earth  is  full  of 
his  glory" — looking  for  sources  of  pleasure  to  come,  and  closing  their 
eyes  on  those  before  them — thirsting  for  the  waters  of  heaven,  and  despis- 
ing the  living  fountains  which  the  Father  of  all  intellects  has  opened  for 
them  on  earth.  They  seem  to  think  happiness  hereaAer  will  not  depend 
upon  knowledge,  or  that  knowledge  will  be  acquired  without  effort — a 
kind  of  passive  enjoyment,  independent  of  the  exercise  of  their  intellectual 
or  spiritual  energies.  £ut  they  have  no  ground  to  hope  for  any  such  thing. 
Reasoning  from  analogy  and  the  nature  of  mind,  the  happiness  of  spirits 
must  consist  in  being  imbued  with  a  love  of  nature — in  contemplating  the 
wisdom  and  other  attributes  of  the  Deity,  as  they  are  unfolded  in  the  worica 
of  creation.  In  what  else  can  it  consist  T  It  is  not  probable  that  human  or 
finite  beings  of  any  class  can  ever  know  God  except  through  the  medium 
of  his  works. 

It  is  admitted  that  the  study  of  nature  is  a  source  of  exquiute  pleasui« 
to  intelligent  beings,  and  the  most  refined  one  too  that  the  mind  can  cob- 
ceive :  it  is  alio  one  that  can  never  he  exhausted.  Those  persons,  therefore, 
who  take  no  pleasure  in  examining  the  works  of  creation  here,  are  little 
prepared  to  enter  upon  more  extensive  and  scrutinizing  views  of  ihem  in 
other  worlds.  If  they  have  no  relish  for  an  acquaintance  with  the  Crea- 
tor's works  while  they  live,  they  have  no  right  to  expect  new  tastes  (or 
diem  ader  death.  The  works  of  Ood  are  all  perfia;  those  in  this  world 
as  well  as  those  in  others  ;  and  he  that  can  look  with  apathy  on  a  tulip 
or  a  rose,  a  paMion  flower  or  a  lily,  or  any  other  production  of  a  flower 
garden  or  a  forest,  has  not  begun  to  live.  Besides,  we  are  not  sure  that 
other  worlds  possess  more  captivating  or  more  ennobling  subjects  for 
contemplation  and  research — more  thrilling  proofs  of  the  wisdom  and 
beneficence  of  God. 

The  circulation  of  tap  (sometimes  called  the  Mood  of  plants)  is  one  of 
the  most  interesting  of  natural  phenomena.  It  is  connected  with  some  of 
the  most  delightful  feelinira  of  our  nature,  and  with  the  activity  and  joya 
of  the  brute  creation.  When  in  spring  its  action  commences,  a  sensation 
of  buoyancy  pervades  all  organised  beings.  The  earth  begins  to  put  oa 
her  richest  attire— her  inhabitants  rejoice  in  her  approaching  splendor,  and 
exult  in  view  of  the  feast*  preparing  for  them.  On  the  other  hand,  when 
in  autumn  her  freshness  fades  and  her  glory  withers,  all  feel  the  change. 
How  infinitely  varied  are  the  efl'ecta  of  sap  and  the  energy  of  its  move- 
ments !  Rustling  to  the  summit  of  the  tallest  trees,  and  lingering  in  the 
grass  of  onr  mead ow»-~shaa ting  up  perpendicularly  in  the  paplar  and 
pine,  horiannially  in  the  branches  of  the  baobab  and  oak,  and  descend- 
ing in  those  of  the  Indian  fig-tree  and  willow.  In  some  plants,  aocuma- 
'ating  chiefly  in  their  roots,  as  in  the  turnip,  radish,  and  potato,  and 
emerging  above  ground  in  cucumbers  end  melon»~ascending  higher  in 
d»  biuhes  of  onrrants  uid  gooieberries,  and  ranging  over  thoM  in  %pftu 
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UkI  pear  treea.  By  what  wonderful  procets  is  aap  distilled  into  liqaid 
faoney  in  the  maple,  and  into  wine  in  the  grape  1  Hov  is  it  elaborated 
into  fruits  of  every  flaror,  and  exhaled  in  perfumes  from  sweet  scented 
herbs,  and  in  what  manner  does  it  contribute  to  produce  every  ima^nabls 
color  and  tint  in  flowers  I 

By  what  means  does  sap  form  a  natnrel  vase  in  the  pitcher  plant,  and 
then  enter  it  as  limpid  water,  alon((  with  rain  and  dew  }  This  singular 
production  of  tbe  vegetable  kingdom  collects  water  from  the  eirih  and 
atmosphere  in  vessels  of  the  same  consistence  and  color  as  the  leKves. 
Each  pitcher  is  strengthened  by  a  hoop,  and  furnished  with  a  cover  or  lid 
that  turns  on  a  fibrous  hinge.  When  dew  or  rain  falls,  this  cover  opens ; 
and  as  soon  as  the  weather  clears,  it  closes  and  prevents  the  water  that 
entered  from  being  wasted  by  evaporation.  There  are  other  plants  which 
store  up  water  much  in  the  same  way-  Such  were  the  reeds  that  relieved 
Alvarodo  (one  of  ihe  conquerors  of  Peru)  and  his  companions  from  perish- 
ing oC.thirsL  Garcilasso,  in  his  Coromentaiies  observes,  "  The  infor- 
mation they  had  of  the  water  was  from  the  people  of  the  country,  who 
guided  them  to  ihe  canes,  some  of  which  contained  tix  galloiu,  ana  some 

We  know  that  the  juices  of  plants  cannot  be  raised  without  force,  and 
that  this  force  mast  be  increased  with  the  elevation  to  which  the  liquid  is 
to  be  lifted.  Animals  exert  a  muscular  power  in  working  the  pumps 
ibrmed  in  their  bodies,  and  these  machines  they  put  in  motion  at  wtll. 
This  is  not  the  case  with  vegetables  :  yet  sap,  the  pabulum  of  their  life, 
is  elevated  to  the  lops  of  the  highest  trees,  and  apparently  with  tbe  ssibb 
facility  as  it  is  diffused  through  microscopic  plants.  That  the  force  by 
which  this  is  done  is  not  latent  or  negative  in  its  nature,  is  clear,  since  it 
may  easily  be  rendered  manifest.  Cut  a  branch  from  a  vine  in  the  sprine 
when  the  s^  is  rising,  and  stretch  a  pieoe  of  india  rubber  over  the  end 


of  the  part  that  remains,  secure  it  by  chread  wound  round  the  stump, 
as  to  exclude  the  air  and  prevent  the  wound  from  healing.  In  a  little 
while  the  caoutchouc  will  be  swelled  or  bulged  out  by  the  exuding 
fluid,  and  it  will  conunue  to  swell,  however  thick  it  may  be,  till  it  burst. 
A  few  years  ago  we  treated  in  this  way  some  brviches  of  an  Isabella 
grape  vine,  and  afterwards  applied  to  one  of  them  a  close  vessel  contain- 
ing mercury,  in  which  the  lower  end  of  a  long  glass  tube  was  immersed 
with  ft  view  to  measure  the  force  excited.  In  four  days  the  mercoiy 
rose  36  inches  in  the  tube,  being  pushed  up  by  the  sap  which  took  it* 
place  in  the  vessel ;  and  but  for  an  accident,  by  which  the  apparatus  waa 
broken,  it  would  probably  have  ascended  still  higher. 

But  this  force,  great  as  it  was,  is  small  when  compared  with  that  which 
sends  the  fluid  through  trees  that  grow  on  the  Australian  continent  aiid 
islands.  Some  of  these  resemble  single  tabes,  and  are  filled  with  a  semi- 
fluid or  soil  pith.  Tasman,  the  discoverer  of  Van  Dieman's  Land,  found 
trees  there  whose  lowest  branches  were  between  60  and  70  feet  above  the 
ground.  The  French  expedition  sent  in  search  of  the  lamented  Perouse, 
found  on  Cocos  island  a  tree  nearly  100  feet  high,  and  only  lArte  mcAm 
in  diameter.  It  was  of  so  hard  a  texture,  that  it  resisted  at  first  tka 
hwtviest  blows  of  an  axe ;  and  when  the  pith  was  token  out,  the  thick- 
msB  of  tbe  wood  did  not  exceed  ^  of  an  mch — forming  a  perfect  tnbe. 
But  this  tree  was  only  half  the  height  of  some  others  in  the  same  regions  ; 
for  several  were  seen  whose  diameters  were  only  seven  or  eight  inches, 
and  whose  tops  towered  upwards  of  200  feet  above  the  earth  I  The  fbrc» 
that  drives  sap  to  such  elevatjons  is  wonderful  indeed ;  and  could  it  bo 
tpplied  M  a  mecbonioal  agent,  it  would  be  resistless  as  steam.     It  mi|^ 
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b«  luppMed  that  a  fbnw  wa  energetio— ono  tliat  would  rupture  pipet 
which  convey  wKter  to  our  dwelling! — would  rend  Btunder  roost  ol'  th« 
dviicUe  pores  through  which  it  circulates ;  sod  so  it  would  were  not  their 
diameter  so  exceedingly  smalt — for  the  atrength  of  tubes  increues  as  their 
bore  is  diminished. 

The  ascent  of  sap  has  baen  explained  hyjBMfosmMu,  or  tnuiut  of  bodies 
through  pores.  See  two  interesting  papers  on  this  sulyect  in  the  Journal 
of  the  Franklin  Institute,  vols,  xvii  and  xviii,  byJ.W.  Draper,  now  Prof, 
of  Chemistry  in  the  New- York  University. 

WaUr  Sp<mU  constitute  a  peculiar  class  of  nature's  contrivances  tor 
niising  water.  Electricity  is  supposed  to  have  a  controlling  influence  in 
their  formation  ;  but  the  mode  by  which  it  acts  is  not  clearly  understood. 
Mure  water  is  drawn  up  by  them  within  the  same  space  of  time  than  by 
any  nther  natural  device.  The  liquid  appears  to  be  borne  up  the  vortex 
mechanically  as  solid  substances  are  raised  by  whirlwinds,  except  that 
it  is  broken  by  masses  uf  air  rushing  into  and  mixing  with  it.  After 
arriving  at  the  top  of  the  ipout,  it  is  dispersed  by  lateral  currents  of  wind. 
A  drop  of  water  suspended  from  the  conductor  of  an  electrifying  machine 
is  supposed  to  exhibit  a  miniature  water  spout.  When  a  vessel  uf  water 
is  placed  under  it,  and  the  machine  put  in  operation,  the  dn>p  assumea 
■■--  various  appearances  of  a  spnat  in  its  rise,  forni,  and  mode  of  disap- 
■ance.  Clouds  act  as  cisterns  in  holding  water  raised  by  evnporation ; 
in  water  spnuts  they  perform  a  more  singular  part,  since  they  are 
ilded  into  visible  pipes,  through  which  volumes  of  liquid  are  conveyed 
as  securely  as  throu^  those  made  of  solid  materials. 

AKhough  the  rise  of  sap  in  trees  is  attributed  to  endosmosis,  there  is 
reason  to  believe  that  eapUlary  attraetion  takes  part  in  the  process,  as 
well  as  in  a  thousand  other  operations  of  nature.  When  one  end  of  a 
small  glass  tube  is  placed  in  water,  the  liquid  rises  within  it ;  and  the 
height  ro  which  it  ascends  in  different  tubes,  is  inversely  as  their  diame- 
ters. The  phenomenon  is  more  or  less  common  to  all  liquids  when  the 
tubes  dipped  in  them  are  made  of  such  materials  as  they  readily  unite 
with.  This  condition  is  necessary,  otherwise  the  liquid  would  be  de- 
pressed. Waler  rises  higher  than  other  liquids  in  glass  tubes ;  and  aa 
these  instruments  are  transparent,  they  are  always  adopted  in  experiments 
on  this  subject. 

The  phonomenon  of  capillarity  has  exercised  the  ingenuity  and  learn- 
ing of  tfie  most  eminent  philosophers,  and  various  are  the  causes  to  whii^ 
they  have  attributed  it.  Some  supposed  the  atmospheric  pressure  less 
within  the  tubes  than  without  Others  imagined  an  unknown  fluid  cir- 
culating through  them  that  bore  the  liquid  up;  and  some  ascribed  it  to 
moisture  on  the  inude  of  the  tubes.  An  attractive  force  existing  between 
the  glass  and  the  water  is  now  more  generally  admitted ;  and  hence  in 
tubes  of  rery  small  bore,  it  is  said,  the  glass  being  nearer  the  water,  at- 
tracts it  more  powerfully,  i.  e.  raises  it  higher — other  writers  think  die 
effect  is  due  to  electricity.  The  subject  is  admitted  to  be  an  intricate  one, 
and  the  manner  in  which  it  has  been  handled  by  scienlilic  men,  has  not 
rendered  it  very  accessible  to  ordinary  readers.  Without  looking  for 
ulbnuue  causes,  the  phenomenon,  like  that  of  an  increased  discharge, 
throagh  diverging  Outages,  may  be  traced  to  the  relative  properties  of 
the  liquid  ana  ihe  material  of  the  tube,  and  to  the  force  with  ^ich 
particles  of  liquids  cohere  among  themselves. 

Capillaiy  attraction  is  exhibited  in  a  great  vaiie^  of  forms.  Particles 
of  wuer,  like  those  of  all  other  liquids,  require  some  force  to  separata 
tkem.    A  naedlo  or  film  of  lead  white  dry,  will  8oat ;  and  myiiads  of 
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gMti  caroer  on  die  ■oHbco  of  m  pond  u  taeanly  u  oa  Und.  Soma 
liquids  ara  viscid,  and  may  be  drawn  into  threada ;  and  even  water  may 
be  stretched  into  eheeu  ere  its  aubstauce  be  broken :  bubbles  produoed 
during  rains,  and  those  pellicles  sometimes  formed  over  the  mouths  of 
■mall  viaia  and  tlie  interstices  of  sieves  are  examples.  Water,  moreover, 
in  common  with  other  £kiids,  unites  with  some  substances  more  readily 
thsD  with  others.  It  does  not  combine  with  oils,  uor  adhere  to  substances 
impregnated  with  grease.  Heiioe  umbr«liis  and  water-proof  dresses  are 
made  of  oiled  silk  ;  and  rain  rolls  off  the  backs  of  ducks  and  other  squatie 
birds  without  wetting  them,  because  these  fowls  dress  dielr  feathers  with 
an  unctuous  fluid  which  their  Ixtdiea  secrete. 

When  a  vessel  contains  a  liquid  that  readily  unites  with  it,  the  liquid 
atands  highest  at  the  edges.  Thus  in  cups  of  tea  or  tumltlers  of  water, 
the  fluid  climbs  up  against  the  sides  until  it  is  considerably  elevated  above 
the  general  level,  i  his  Is  observable  with  milk  in  a  pot,  pitch  in  a  caul- 
dron, oil  in  cans,  mercury  in  vessels  lined  with  an  amalgam;  melted  tin 
in  tinned  iron  or  copper  vessels,  and  fused  brass  in  an  iron  ladle  whose 
interior  haa  been  coated  with  tite  alloy,  sa  in  the  process  of  hard  soldering. 
If,  on  the  other  hand,  a  liquid  has  no  affinity  for,  or  will  not  unite  wiui 
the  substance  of  which  the  vessel  is  made,  an  eflect  the  reverse  is  pro* 
duc«d  ;  that  is,  the  liquid  is  depressed  at  the  sides,  as  when  mercury  is 
contained  in  a  vessel  of  glass,  wood,  or  earthen  ware  ;  or  even  in  one  of 
metal  not  lined  with  an  amalgam,  or  with  which  the  mercury  cannot  form 
one.  The  same  thing  occurs  to  fused  brass,  or  lead  or  tin  in  crucibles,  to 
water  in  greasy  tubes  or  dishes.  Sec. 

The  same  thing,  in  another  form,  occurs  with  drept  of  liquid.  When 
water  is  sprinklod  on  a  greasy  surface,  ihc  particles  remain  separate  how- 
ever near  to  each  other.  By  blowing  against  them,  they  may  be  rolled 
over  the  plate  on  which  they  rest  wilimut  leaving  any  portion  behind ; 
but  if  the  substance  on  which  they  are  dropped  combine  readily  wii^ 
moisture  their  figure  is  changed  ;  each  becomes  flattened  by  spreading, 
•o  that  two  adjacent  drops  quickly  run  together.  A  drop  of  oil  or  speck 
of  grease  makes  a  large  stain  on  a  lady's  dress  or  a  marble  taUe.  Quick- 
silver will  not  unite  with  marble,  but  a  sniall  portion  dropped  on  a  sheet 
of  tin  will  spread  over  it  like  water  on  damp  paper.  A  portion  of  tin- 
men's solder  kept  in  fusion  on  clean  plates  of  tin  or  lead  spreads,  and  ia 
absortfod  in  like  manner.  When  ink  is  spilt  upon  unsised  paper,  the  lat- 
ter is  stained  to  a  considerable  extent ;  round  each  drop  a  bmad  ring  of 
moisture  is  formed ;  the  darker  and  grosser  particlca  remaining  as  a 
nucleus  in  the  centre. 

The  different  Jbrnu  which  drops  assnme  when  pendent  from  solid 
bodies,  are  governed  by  the  parts  with  which  they  ara  in  contact.  When 
water  ia  sprinkled  on  a  plate  panly  covered  willi  grease,  those  paiticlea 
that  fall  on  the  clean  parts  resembte  very  flat  segments  of  spheres,  while 
those  an  the  greased  parts  are  larger  porUons  of  smaller  spheres  ;  the 
liquid  in  these  swelling  out  above  the  base  on  which  they  rest,  in  pre- 
ference to  extending  itself  like  the  others  upon  it.  A  drop  hanging  from 
the  point  of  a  wire  is  elongated  vertically— if  held  between  tha  Gnger 
and  thumb,  it  may  be  stretched  out  horizontally.  If  suapendad  in  a  ring, 
its  upper  surface  becomes  hollow  and  its  tower  one  convex,  formiog  a 
■[vecies  of  liquid  cup,  and  supported  somewhat  like  tho  dishes  which  che- 
mists hang  over  lantpa  in  moveable  rings  of  braas.  A  drop  oi  liquid  in  « 
capillary  tube  ia  thus  supported ;  the  tube  being  nothing  more'  than  a 
deep  ring. 

The  f^ufuUity  of  liquid  coutaiaed  in  pendent  drops  vsries  with  th» 
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sitent  of  surface  in  contact  with  (lie  snpportiDg  bodv-  When  otie  is  readv 
lo  &I1  from  an  inclined  object,  as  the  bottom  of  a  bucket  or  a  tea  cup,  it 
may  be  retained  by  making  the  bottom  approach  nearer  to  a  level ;  the 
fluid  then  spreads  and  holds  hy  a  larger  surface.  This  is  illustrated  in 
the  case  of  metals :  tin-plate  workers  commonly  take  up  solder  on  the 
facfl  of  their  irons.  The  under  sides  af  these  instruments  are  tinned, 
and  being  placed  upon  the  metal,  a  larger  or  smaller  portion  is  melted 
and  borne  off  at  pleasure.  An  equal  quantity  of  water  may  probably  be 
thus  suspended  from  a  plane  surface,  as  wtthia  a  cylinder  of  the  same 

Numerous  facts  show,  that  when  not  pulled  down  by  gravity,  liquids 
diffuse  themselves  uniformly  on  substances  with  which  they  combin^^as 
much  upwards  as  downwards.  Small  drops  of  water  or  ink  dashed 
against  vertical  sheets  of  paper  equally  extend  themselves  I'rom  the 
centre.  We  are  so  much  in  the  habit  of  contemplating  fluids  in  masses, 
where  graritation  greatly  preponderates,  that  we  overlook  this  proper^ 
in  them,  or  do  not  suspect  its  existence.  The  observation  that  water 
never  runs  "  up  hill"  is  proverbial,  but  it  is  not  Correct.  Examples  might 
be  quoted,  in  which  it  prefers  to  ascend  an  inclined  plane  to  K(>ing  down 
one — to  rise  in  a  wet  channel,  than  descend  in  a  dry  one.  Take  a  dry 
piece  of  glass,  or  china,  the  blade  of  a  knife,  or  the  bottom  of  a  saucer,  or 
^most  any  Holid  material,  and  dampen  or  slightly  wet  a  part  of  it ;  place 
a  drop  of  ink  or  water  near  the  edge  of  the  wetted  part,  then  incline  the 
saucer  so  that  the  drop  may  be  beneath,  and  make  a  channel  of  com- 
munication between  them,  by  drawing  with  a  pointed  instrument  a  small 
streak  of  fluid  from  one  to  ^e  other.  The  instant  this  is  done,  a  cur- 
rent will  set  up  with  considerable  velocity  from  the  drop  into  the  thin 
sheet  above. 

This  effect  takes  place  on  wood  and  on  metals,  and  even  paper.  Pen- 
men, who  have  their  paper  inclined  towards  them  oilen  witness  the 
experiment  in  another  form,  especially  when  they  make  the  bottom  of 
their  strokes  thicker  than  the  resL  The  ink  may  then  be  seen  to  ascend 
from  the  bottom  upon  the  removal  of  the  pen.  This  takes  place  if  the 
paper  be  held  vertically.  Again,  when  a  large  drop  of  ink  falls  on  a 
book,  it  is  customary  to  shake  out  that  which  remains  in  the  pen,  and  to 
place  the  latter  over  the  drop  as  in  the  act  of  writing ;  upon  which  a  large 
portion  of  the  liquid  enters  the  quilL  This  is  then  shaken,  and  the  ^P^'^' 
tion  renewed.  Here  the  principle  of  distribution  again  appears.  There 
is  a  surplus  below,  and  a  deficiency  (or  leas  depth  of  it)  above,  and  the 
liquid  ascends  to  produce  an  equilibrium.  Were  the  pen  fully  charged 
with  ink  before  applied  to  the  drop,  it  could  take  none  from  the  latter. 

Other  examples  of  the  ascent  of  liquids,  and  even  of  solids  against 
gntvity  are  familiar  to  some  classes  of  mechanics,  but  not  to  all.  When 
two  sheets  of  tin  plate  are  soldered  together  in  an  inchned  position,  small 
pieces  of  solder  laid  near  the  lower  edge  of  the  joint  arc  drawn  up  under 
the  face  of  the  iron  as  soon  as  the  fused  mass  touches  them.  Illustrationa 
of  this  occur  in  whatever  position  the  joint  may  be.  They  are  still  more 
common  in  luird  totdering,  for  copper  and  silversmiths  commonly  charge 
their  joints  on  the  outside,  so  that  the  solder  is  below  or  next  to  the  Im 
when  fused. 

These  experiments  are  all  based  on  the  same  principles  as  the  ascent 
of  water  in  capillaiy  tubes.  We  see  that  when  a  mass  of  liquid  (wholly 
resting  on  a  plane  surface  or  enclosed  in  a  cylinder)  is  connected  by  a 
■hort  channel  to  a  thin  sheet  of  the  same  substance  above,  a  part  of  the 
iBMi  below  will  ascend.    The  channel  it  should  be  remembered  is  k  fluid 
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on*,  for  neitber  water  dot  any  odior  liqo^il  will  ttnia  rise  except  in  chumela 
of  the  Mine  tubitance  as  themselves.  The  effect  does  not  therefore  appear 
to  be  doe  wholly  to  the  material  t)iat  auBtains  the  liquid,  but,  to  some  ex- 
t«Dt,  to  that  force  by  which  perticles  of  matter  eongicgale  with  their  kiitd 
in  preference  to  mingling  with  others.  The  aqueous  vapor  floating  in  the 
atmosphere  moiet«ns  more  or  lose  the  surfBceB  of  all  bodies.  Glass  tubes 
are  coated  with  it ;  but  if  a  capillary  tube  previous  to  its  use  was  not  thus 
prepared,  it  becomes  ic  the  instant  one  end  is  immersed  in  water — ■ 
stream  of  vapor  (though  not  obvious  to  sight)  then  passes  through  it;  tha 
whole  interior  is  thus  coaled  with  aqueous  moleculce  accumulating  upon 
it  at  insensible  distances  from  each  other,  and  those  adjacent  to  the  surface 
of  the  li^d  operate  to  solicit  its  ascent  through  the  channel  thus  prepared 
fi>r  iL  The  ascent  of  vapor  under  these  circumstances  is  unlimited,  but 
tliat  of  a  liquid  column  is  soon  arrested.  Thia  however  does  not  prove  that 
tlie  force  excited  is  insuffiracnt  to  ruse  liquids  to  Ereat  elevations,  but  that 
it  is  the  volume  which  determines  the  height.  If  the  quantity  be  indefi- 
nitely small  it  will  be  raised  indefinitely  high.  Experiments  so  far  as 
they  have  been  made  prove  this  ;  but  as  the  fineBt  of  artificial  lubea  are, 
when  compared  to  nature's,  aa  a  mast  is  to  a  necdlo  Or  b  cable  to  a  thread, 
the  ascent  of  liquids  to  them  must  necessEuily  be  very  limited.  As  long 
as  the  liquid  column  can  be  suatuoed  by  adhesion  to  the  sides  of  a  tube 
it  will  nse,  bat  when  the  weight  of  tfae  central  parts  (which  not  bebg 
attached  to  the  tube  are  Bostained  by  cohesion  alone)  exceeds  this  force, 
the  ascent  ceases. 

The  force  with  which  particles  of  some  fluids  cohere  is  so  energetic 
that  they  present  the  singular  spectacle  of  liquid  rods,  pendent  like  icicles 
or  stalactites.  When  one  of  these  rods  is  broken  an  interesting  contest 
between  gravitation  and  cohesion  takes  place,  during  which  the  figure  of 
the  pendent  changes  aa  one  or  dte  otn«'  of  thoee  forces  prevails :  it 
becomes  longer  while  the  first  predominatei,  shorter  when  the  latter 
controls,  and  stationary  when  bod)  are  balanced.  These  phenomena  mur 
be  observed  \ty  lettiDg  a  drop  of  malasses  fell  from  the  point  of  a  knife 
or  a  spoon.  The  slobale  descends  to  a  considerable  distance  before  it  if 
wholly  separated  from  the  portion  above,  becauae  a  rod  of  the  liquid 
continueB  to  be  formed  that  unites  them.  When  this  rod  Invaka,  the  part 
suspended  frma  the  mass  above  is  drawn  np  ;  a  thread  over  a  foot  in  leagtli 
ifl  sometimes  thus  contracted  to  less  than  ^  of  an  inch,  strongly  remind- 
ing one  of  the  elasticity  of  caoutchouc. 

W'ater  rises  to  considerable  heights  thraugh  sand  and  other  porous 
hodien"  also  throu^  rags  and  threada  of  cotton,  &c.  Oil  ascends  in  the 
wicks  of  lamps.  Capillary  siphons  formed  of  cotton  wick  are  employed 
to  supply  oil  to  the  joumala  and  working  parts  of  machinery.  It  is  cus- 
tomary with  stereotype  founders  to  oil  the  faces  of  engraved  wooden  blocks 
previous  to  taking  caste  from  them.  These  blocks  are  of  box,  a  species 
of  wood  whos«  textur«  is  exceedingly  close.  Wa  have  often  placed  some 
of  those  used  in  the  illustration  of  this  work  on  receiving  them  from  the 
engraver,  inu  a  dt*h  cmnaining  oil  to  the  depth  of  ^  inch,  and  have  wiir 
neaeed  the  appearance  of  the  liquid  at  the  top  witiiin  half  a  minute,  and 
fieqnently  in  &  quarter  of  one.  Unlike  water  in  gla«s  tubes,  the  oil  here 
rite*  entirely  out  of  tte  tabes  in  the  wood  and  collects  in  globules  over  th'e 
orifices. 

From  tk»  infinite  ▼ariety  and  importance  of  devices  for  raising  liquids 

that  areat  work  in  tbe- animal  and  vegetable  kingdoms  and  in  general 

nature,  the  wisdom  disf^yed  inthmr  fermauon  and  movements,  and  their 

wonderAil  Bfiectt,  it  would  aeem  as  if  the  Creator  dengnad  particulariT 
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to  call  m&n's  Utentioa  to  tlu*  department  of  knowledge,  and  to  indoce 
hini  to  cultivate  it. 

Sources  of  hydraulic  contrivance*  sod  of  mechanical  inaveinenu  are 
eodleu  in  nature  ;  and  if  macbiniats  would  but  studv  in  her  achout,  ahe 
would  lead  them  to  the  adoption  of  the  boat  principlea,  and  the  moat 
■uiiabie  modifications  of  them  in  every  poauble  contingency. 


CHAPTER    VI. 


uiiqiittr— or  E*M*ni  orifli — Putnjwl  In  Ibg  IsbIk 
il  EfTpUu  klldwBt— Pnbiblf  ii«d  ■■  iha  Aui  ai  Cana— 
Tialr  ■pplkuUoa  bjr  oM  Jnf  (tart— Stpboai  Tron  Htroa'a  Bpkritalik— Tricki  will  liqaida  of  dUTaRii 
■paelio  (nfitlai— Fratk  iratar  dippsd  tram  On  awAn  gr  tba  mi— Flfim  at  Tuulu'  lapa—Tricki 
•f  slJ  piMkiaa  -  Kuk  pilchar-^IaUM  for  uanleoBa  irliiUn— Tirlir  Mr—anty  w\A  npa— H*bm 
IhUi— Siphon  ai^blFlbaaiKlciila  Far  U((i>|wuia—aiphBH.  4- D  ISLl— Fir«n<«f  aodHn  Bplwu— 
Mtekitt  lidM— Valra  ilphoB— Tli  pbM— WittualMr(  alpkBn— Arfaiid'i  ripbsa— CbaKuu' ilphiiai— 
■Ipbaai  br  the  aniluii^Waiar  ooDva/nl  stu  •inoiiri  (nnadi  b;  ilpksu— Dnii  oT  ibt  ippLkitisii 
•r  alpbgaa  kaoaa  U  uciui  Plaaban— Error  of  Poita  ltd  Mkar  wllWn  mp»Wll(  aJphaM— Datam 
Blpksu  for  dlpekufiiif  Uqnida  a>  Iha  baa  J    Ka»  alpkga. 

The  njAom,  or  ai  it  is  lomedRiea  named  the  enau,  ia  in  ita  aimplest 
form  merely  a  tube  bent  ao  aa  to  reaemble  ua  inverted  letter  U  or  V;  and 
ia  employed  to  tranafer  liquida  from  one  level  to  a  lower  one,  in  circum- 
■tances  where  natural  or  artificial  obstructions  prevent  a  straight  pip« 
from  being  used  ;  as  when  rocka  or  rising  grounds  intervene  between  a 
■pring  and  the  place  where  the  water  is  required,  or  when  the  contents 
of  casks  and  other  veaaels  are  to  be  withdrawn  without  making  openings 
.for  the  purpose  in  their  bottom  or  udea.  Thua  farmers  occasionally  have 
water  conveyed  over  hills  to  aupply  their  bam-yards  and  dwellings ;  and 
portable  eiphona  are  in  constant  requisition  with  oil  and  liquor  merchants^ 
(shemists  and  distillers.  The  two  brSiDches  of  a  tube  that  constitute  a 
-aiphon  are  commonly  of  unequal  lengths,  and  named  legi ;  the  "  short"  or 
receiving  leg,  and  the  "  long"  or  discharging  one.  The  highest  part  whertt 
'the  lega  are  united  ia  known  as  the  apex  or  bend. 

As  liquids  are  raised  in  aiphons  by  atmospheric  preaaure,  the  perpett- 
vdioular  length  of  the  short  lee,  like  the  suction  pipe  of  a  pump,  should 
Jiever  exce^  25  or  28  feet.  To  put  aiphons  in  operebon,  the  air  within 
■them  must  be  first  expelled.  Small  ones  are  sometimes  inverted  and 
filled  with  a  portion  of  the  fluid  to  be  decanted,  but  more  frequently  the 
liquid  is  drawn  through  the  tube  by  sucking.  Other  devices  for  charging 
ilhem  will  be  noticed  farther  on. 

The  aclwn  of  a  siphon  does  not  depend  upon  any  inequality  of  atmo- 
apheric  pressure,  aa  some  writers  on  natural  philoaophy  have  inadvertently 
intimated.  In  one  popular  work,  it  is  said,  "  the  pressure  of  the  air  is 
more  diminished ;"  and  in  another,  more  "  weakened  or  abated"  over  the 
discharging  than  over  the  receiving  orifice ;  whereas,  philosophically 
speaking,  the  reverse  is  the  fact :  for  as  the  discharging  end  is  nearer  the 
earth,  a  deeper  and  consaquently  heavier  column  of  atmosphere  rests  over 
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it  than  over  tlia  other.  Nor  doe*  the  effect  depend  upon  any  difTerence 
in  d»e  actual  len^hs  o(  the  leg^s,  Tor  thejr  are  of^n  in  thU  respect  tho 
Mme  I  and  somenmes  tho  receiving  one  it  much  lon^r  (in  an  oblique 
direclion)  than  the  other — not  yet  doee  their  comparative  diameters  coa- 
tribute  to  the  reiutta ;  for  the  short  one  nay  be  much  more  capacious 
than  the  long  one.  It  is  the  differeace  in  the  perpaidicvlar  length  of  the 
U^tieoJiuiHM  within  the  legs  that  causes  a  siphon  to  act:  the  column  in  the 
discharging  leg  miMt  exceed  in  this  respect  t}iat  contained 
in  the  receiving  one,  or  no  action  can  take  place.  By 
examining  the  figure  in  the  margin,  it  will  be  perceived 
that  the  column  m  the  receiving  leg  extends  only  from  th« 
surface  of  the  liquid  in  the  vesael  to  the  bend,  whereas  in 
the  other  it  extends  from  the  bend  to  the  oriGce.  As  the 
pressure  of  fluids  it  as  their  depth  without  regard  to  their 
1  volume,  the  hydrostatic  equilibrium  of  the  two  columns  is 
\  destroyed,  when  the  longer  one  necessatily  preponderates, 
I  upon  which  the  vacui^  lefl  in  the  upper  part  of  the  tube 
I  is  filled,  by  the  atmosphere  driving  fresh  portions  up  the 
Mfc  m.  other  leg. 

But  siphons  could  not  act  at  all  were  it  not  for  that 
proper^  of  fluids  by  which  their  particles  cling  to  each  other.  The  tena- 
city of  liquids  may  be  considered  like  that  of  solids,  only  less  intense; 
and  thus  it  is  when  water  flows  through  a  siphon,  the  descending  particles 
actually  dnfl  down  those  above  them,  somewhat  like  a  chain  or  rope 
vneqiially  suspended  over  a  pulley,  when  the  longer  end  pulls  the  shorter 
one  after  iL  A  siphon  is  in  fact  a  contrivance  by  which  liquid  chains  or 
ropes  are  thus  made  to  acL  But  for  the  cohesion  of  liquids  tlie  contents 
of  the  discharging  leg  would  drop  out  like  sand,  and  no  further  effect 
would  follow — the  rope  would  be  broken,  and  the  separated  pans  fall 
asunder.  The  influence  of  cohesion  in  the  action  of  siphons  is  proved  by 
the  fact  that  very  short  ones  continue  to  operate  when  removed  into  & 


The  tenacity,  or  what  might  almost  be  called  the  malleability  of  liquid% 
is  beautifully  exemplified  in  soap  bubbles.  These  yield  to  impressions, 
without  bredting.  They  fall  on  and  rebound  from  the  floor  like  bladder! 
or  halls  of  india  rubber.  They  shake  in  the  wind,  and  their  figures  be- 
come altered  like  that  of  balloons  tossed  to  and  fro  in  the  air :  all  this  they 
often  endure  before  their  shells  are  broken  by  evaporation. 

Siphons  are  exceedingly  diversified  in  their  forms,  materials  and  uses. 
They  are  made  of  cylindrical  and  other  shaped  tubes,  and  both  of  uniform 
and  irregular  bore.  The  legs  of  some  are  parallel,  while  in  others  tbey 
meet  at  every  angle — sometimes  straight  ana  often  crooked — one  may  be 
larger  than  the  other,  or  both  may  be  alike  ;  they  also  may  be  separate, 
one  loosely  slipping  into  or  over  the  other.  Instead  of  tubes  siphons  are 
sometimes  formed  by  an  arrangement  of  plates,  and  also  by  a  combination 
of  vases.  This  plastic  property  has  occasioned  their  concealment  in  more 
▼arious  forms  than  Proteus  ever  assumed.  Siphons  ore  made  of  tin,  cop- 
per, iron,  silver,  glass,  lead,  earthenware.  Leather,  wood,  canes ;  and 
(capillary  ones)  of  paper,  strips  of  cloth,  threads  of  cotton,  &c.  Examples 
of  their  various  forms  and  spplicationa  will  be  found  noticed  in  the  follow- 
ioghistorical  sketch. 

The  origin  of  siphons  like  that  of  pumps  is  lost  in  antiquity.     Some 

■  For  inrermatiaD  on  the  scljon  of  iipbona  in  vscuo,  ssa  Bojls's  WoHu,  bf  Sbaw, 
vol.  ii.  44S.  HiMory  snd  HaiDnn  of  tha  Franch  Aeadsmr,  ttmnslaieil  b;  Mariin  and 
CliaBbus,  VOL  ir.  ^4 ;  and  Dessfobars  Eipar.  FUloa.  vol  il  168. 
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writers  of  the  last  century  attributed  tliem  to  Cteaibius,  (sea  pag»  £68,)  ' 
becaase  tbey  were  u»ed  in  M>ma  of  his  watei^«locks,  and  no  earlier  appli- 
cation of  them  was  then  known.  For  the  sama  reason  the  invention  of 
toothed  wheels  haa  baen  erroneously  ascribed  to  him.  All  the  ioforma- 
tion  extant  respecting  the  mcient  nations  of  the  East  is  excsedingty 
limited,  while  of  thair  arts  and  details  of  their  Tnechanisro  we  knovr  neat 
to  nothing.  The  greater  part  of  our  ordinary  machines  cannot  be  traced 
to  a  higher  source  than  Greece,  but  Greece  itself  was  colonized  by  Egyp- 
tians; and  however  much  the  children  of  Cadmus  may  have  refined  on 
some  departments  of  the  useful  arts,  the  general  mechanism  of  their 
ancestors  is  believed  to  have  passed  through  their  hands  to  those  of  tiie 
Romans,  aiKl  from  the  latter  to  us  with  little  alteration.  This  was  eer- 
tiunly  the  case  with  their  hydraulic  and  hydro-pneutnauc  devices.  The 
■iphon  is  an  example.  The  Maw  of  this  instrument  is  taken  from  a  Greek 
word,  which  signifies  simply  a  tube  ;  but  it  has  been  ascertained  that  tbe 
irord  is  of  a  remoter — of  an  oriental  origin,  being  derived  from  tijA  or 
n/^  to  imbibe  or  draw  up  with  the  breath,  and  whence  comes  our  expres- 
■lon  to  «^.  Now  if  it  can  be  proved  that  the  siphon  was  in  use,  and  was 
charged  by  sucking  before  the  Umes  of  Grecian  history,  we  may  safely 
ooncTude  that  a  more  ancient  people  furnished  the  Greeks  with  boUi  the 
instrument  and  its  name. 

The  researches  of  Rosellini  and  Wilkinion  have  settled  this  poini. 
These  gentlemen  have  brought  to  light  irresistible  evidence  that  uphons 
were  used  in  Egypt  at  least  as  early  as  14S0  years  before  Christ.  In  a 
tomb  at  Thebes,  which  bears  the  name  of  Amunoph  II,  who  reigtied  at 
the  period  just  named,  they  are  delineated,  and  in  a  manner  too  disiJDCt 
to  admit  of  any  doubts.  See  No.  235.  Several  jars  are  represented 
upon  a  frame  or  stand.  Into  three  of  them  sif^om  are  insetted  ;  two 
apparently  in  operation,  and  a  man  is  in  the  act  of  charging  the  other  by 
sucking  ;  the  contents  of  the  jar*  being  traiuf«n«d  into  a  large  vaae  ssp- 
ported  upon  on  ornamental  stand. 


"•IlWj-** 


No-SXI.    EfTpUuripbaii%14Sa,ac.  Ifa,SM 

Mr.  Wilkinson  sappoies  that  siphons  were  invented  in  Egypt,  tatd  wetv 
used  to  decant  the  Nile  water  from  one  vessel  to  another.  He  says  it  is 
necessary  to  let  this  water  stand  for  some  time  before  being  used,  that  the 
mud  suspeoded  in  it  may  settle  to  the  bottom.  On  this  account  vases 
containing  it  cannot  be  moved  without  rendering  it  agaiu,  torbid,  and  tha 
same  effect  is  produced  by  dipping' ;  hence.tbe  useofsiphons.     Tka  cob- 
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jectnre  n»y  be  correct,  but  it  doei  not  deriTe  mucli  support  from  the 
use  df  those  instniinenta  figured  kt  No.  836 ;  for  anlejB  there  was  some 
oontrivanee  to  prevent  the  eoda  of  Che  siphona  from  going  too  near  the 
bottom  of  the  jan,  scarcely  any  diing -would  more  efTectmilly  dinurb  aJid 
draw  off  the  sediment  with  the  water.  The  tubes  were  obviously  of 
eome  flexible  material,  and  from  the  manner  in  which  they  are  held,  it 
would  be  impossible  for  the  person  usin^  them  to  regulate  by  hand  the 
depth  to  which  the  short  legs  were  immened.  Moreover,  aDother  indi- 
viaual  (omitted  in  our  iltuslratiou)  ia  represented  rtouriDg  a  liquid  into 
one  of  the  jars,  an  operation  thai  woald  effectually  disturb  the  sediment. 

InKead  of  water,  jars  so  small  probably  contained  wma,  and  the  ardst 
designed  to  exhibit  Uie  mode  of  mtixfl^  them  ;  a  common  practice  of  old, 
and  one  referred  to  in  several  parts  of  the  scriptures.  The  Egyptians 
were  much  given  to  luxurious  living,  and  especially  with  regard  to  wine, 
tt  fact  which  the  sculptures  corroborate,  for  scenes  of  gross  excess,  and  in 
females  too,  ore  portrayed.  The  Jews  we  know  earned  with  them  into 
Palestine  not  only  the  aits  but  many  of  the  worst  habits  of  the  Egyptians, 
ftnd  the  excessive  indulgence  of  mixed  wines  was  one.  "Woe  unto  them 
that  are  mighty  to  drink  wine,  and  men  of  strength  to  mingle  strong 
drink."  Isaiah  v,  S3.  "  She  hath  mingled  her  wine,  she  hath  also  fomished 
ker  table."  Prov.  ix,  2.  "  They  that  tarry  long  at  the  wine,  they  that 
go  to  seek  mixed  wine."     Ibid  xxiii,  30. 

Other  examples  of  the  early  use  of  siphons  are  tnet  with.  In  the  tomb 
of  Bemeses  III.  who  Hounshed  1235  B.  C,  is  a  representation  of  an 
Egyptian  kitchen,  with  the  various  opeiutions  of  slaying  animals,  cutting 
tip  the  joints  and  preparing  them  for  oooking-^neaaing  dongh  with  the 
feet,  and  paste  with  the  hands — making  cakes  and  confectionary,  &c.— 
Of  kitchen  furniture,  there  are  tables,  jars,  plates,  cauldrons,  bellows, 
ovens,  molds,  peaile  and  mortar,  knives,  bukets,  &c.,  and  suspended 
on  ropes  or  rods,  a  nvnber  ^  t^hmu ;  showing  evidently  that  thoso 
instruments  were  in  constant  requisition.  See  No.  236.  These  werft 
probably  adapted  for  jars  of  certain  depths,  unlike  those  in  the  preceding 
figure,  which  seem  to  have  been  appropriated  to  different  stzea  vessels, 
and  their  shape  altered  as  .oecastons  might  require. 

How  singular  that  these  philosophical  instruments  should  have  been 
more  oomraou  before  the  siege  of  Troy  than  at  the  present  day  1  And 
how  precious  are  those  monumental  records  that  have  preserved  this  and 
other  facts  of  the  kind  t 

The  circumstance  of  siphons  having  been  used  in  Egypt  at  so  early  a 
period  may  be  deemed  conclusive  that  other  nations  were  not  ignorant  i^ 
them.  With  Egypt,  all  the  &mous  people  of  antiquity  maintained  an 
intercourse ;  ana  enterprising  men  fiocked  from  all  parts  to  acquire  ft 
knowledge  of  the  arts  and  sciences  that  were  cultivated  on  the  banks  of 
the  Nile.  Their  neighboura,  the  Jews,  as  a  mstier  of  course,  were  ac- 
quainted with  siphons,  and  there  is  probably  a  reference  to  them  in  John 
it.  "  Jesus  saith  unto  them,  (ill  the  water  pots  with  water.  And  they 
&lled  ihem  to  the  brim.  And  he  said  unto  them,  draie  out  now  and  bear 
unto  the  governor  of  the  feast,  and  they  bare  it."  How  did  they  draw 
this  liquid  t  Ceruinly  not  by  inclining  the  jars  and  pottrimg  it  out ;  nor 
yet  does  it  appear  to  have  been  done  by  dipping:  for  as  the  large  poU 
were  filled  to  the  very  brim,  this  would  have  caused  the  liquid  to  over, 
flow.  It  is  more  reasonable  to  suppose  that  small  siphons  were  used  on 
the  occasion,  and  that  (hey  were  charged  by  sucking,  as  represented  ia 
No.  239.  This  and  this  only  clearly  aceounU  for  the  fact  that  diose  who 
drew  the  liquid  were  first  aware,  as  they  must  have  been,  of  the  change  it 
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had  undergone.  This  change  does  not  wem  to  hare  aiTected  the  color, 
for  not  till  he  tatttd  of  it  wm  the  presiding  officer  himBelf  sensible  of  its 
being  wine.  "  When  the  ruler  of  the  fesst  hsd  tatted  the  water  that  was 
made  wine,"  he  "  knew  not  whence  it  was,  but  ihe  servants  that  drew  the 

No.  235  probably  was  designed  to  represent  one  of  Pharaoh's  tatlers 
engaged  in  that  part  of  his  duly  which  required  him  to  draw  and  mix  tbo 
king's  drink.  Such  oRicers  formed  part  of  lar?e  estnblishmenu  amoog 
the  uncientg,  and  so  thov  do  in  modern  times.  Switzer,  speaking  of  small 
eipbons  observes,  "  the  insinuaiion  of  air  is  such  that  wine  will  not  alwaj^s  ' 
keep  on  its  regular  ascent,  without  the  butler  puts  his  mouth  somelimes  to 
it,  to  give  it  a  new  suction." 

One  of  the  modes  \>y  which  Ctesibius  applied  siphons  to  clepsydra, 
will  be  found  figured  in  a  subsequent  chapter. 

Were  the  old  philosophers  of  Egypt  acquainted  with  the  principle  ob 
which  the  siphon  acts  I  Doubtless  they  were,  else  they  could  never  have 
diversified  its  form  and  adapted  it  with  such  admirable  ingenuity  to  the 

Sreat  variety  of  purposes  both  open  and  concealed,  which  we  know  tbey 
id.  In  connection  with  hydromancy  it  was  made  to  play  an  important 
part  Magical  goblets  were  often  nothing  else  than  modificatione  of  siphons; 
and  from  the  Spiritalia  we  learn  that  they  formed  ihe  basis  of  more  com- 
plex and  imposing  apparatus.  The  tricks  connected  with  the  glass  lomb 
of  Belus,  and  the  miraculous  vases  in  the  temple  of  Bacchus  probably 
depended  upon  siphons  ;  and  most  writers  on  the  vocal  statue  of  Mentioa 
have  introduced  them  as  essential  parts  of  the  supposed  machinery  ;  imi- 
tating in  this  respect  the  apparatus  described  by  Heron  for  producing 
mysterious  sounds  from  the  riguree  of  men,  birds,  kc. 

Heron  is  mom  difluse  on  the  subject  of  siphons  than  any  other  writer. 
Upwards  of  twenty  problems  in  his  Spiritalia  relate  to  or  are  illustrrated 
by  them  ;  and  from  him  we  learn  that  these  instruments  were  in  his  time 
employed  on  a  large  scale  in  draining  and  irrigating  land,  vii.  by  transfei^ 
ring  water  over  hills  from  one  valley  to  another.  This  use  of  the  siphon 
was  probably  quite  as  common  under  the  Pharaohs  as  under  the  Ptolemies; 
for  Heron  dues  not  intimate  that  it  was  novel  in  his  time  any  more  tbaa 
the  instrument  itself. 


The  above  figures  are  illustrations  of  the  first,  second,  third,  vai.  thiitieih 
problems  of  Heron's  work. 
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No.  337  (the  first  figure  in  the  Spiritalia)  represents  an  ordinary  siphon 
resting  over  the  handle  of  a  rase,  within  whiclt  the  short  leg  is  inserted. 
This  instrument  was  charged  by  sucking,  as  the  more  tincient  ones  in  the 
last  cut. 

No.  238  exhibits  another  form  of  the  uphon,  consisting  of  two  straight 
and  separate  tubes,  the  smaller  one  of  which  is  inserted  through  the  bot- 
tom ol  the  covered  vase,  and  reaches  as  high  within  it  as  the  liquid  is 
required  to  stand.  Over  this  tube  another  one  it  slipped  whose  upper 
end  is  closed  air-tight.  Hence  it  is  obvious  that  when  the  liquid  is  higher 
than  the  orifice  of  the  inner  tube  which  forms  the  long  leg,  it  will  ascend 
between  the  tubes  and  continue  lo  be  discharged  as  in  the  common  siphon, 
uniil  the  surface  descends  betow  the  lower  end  of  the  outer  lube,  or  short 
teg.  Here  liie  liquid  is  discharged  from  the  bottom  of  the  vessel,  not 
over  its  rim  as  in  the  preceding  figure.  The  siphon  admits  of  a  great 
rartety  of  modifications,  some  of  which  in  the  hands  of  ancient  jugglers 
contributed  not  a  little  to  amaie  the  ignorant.  The  contents  of  the  lerga 
vases,  often  permanently  fLxed  in  temples,  could  and  doubtless  often  were 
secretly  emptied  by  contrivances  of  this  kind ;  the  siphons  of  course  being 
concealed  in  the  ornaments,  handles,  or  other  adjuncts.  The  six  vesseh 
of  wine  placed  daily  in  the  temple  of  Bel,  which  the  priests  clandestinely 
emptied  every  night,  might  have  been  more  neatly  robbed  of  their  contenu 
by  concealed  siphons,  than  by  entering  through  a  terrrt  patiagt  under  the 
Mar  ;  but  as  the  abstracliou  of  the  more  solid  food  which  the  priests  pre- 
tended was  consumed  every  day  by  the  brazen  deity,  {forty  sheep  andi 
twelve  measures  of  floor,)  required  some  contrivance  like  the  lailer ;  tbo 
vases  were  emptied  at  the  same  time.  [Story  of  Bel  snd  the  Dragon.] 
The  romantic  account  by  Herodotus  of  the  robftery  of  Rhampsiniius'  trea- 
sury, shows  to  what  extent  the  system  of  secret  passages  was  carried,  and 
the  ingenuity  with  which  they  were  made  and  concealed. 

The  velocity  with  which  water  flows  from  an  ordinary  siphon  necessarily 
diminishes  as  ihe  surface  in  the  reservoir  falls.  In  some  cases  a  uniform 
discharge  is  desirable.  No.  239  ihowshow  ancient  engineers  accomplished 
this.  A  float  or  hollow  dish  was  attached  to  the  end  of  the  short  leg,  so 
that  the  instrument  descended  with  the  water.  The  long  leg  was  pasted 
loosely  through  two  openings  in  projecting  pieces  that  preserved  it  in  tba 
proper  position. 

1  he  difference  in  the  specific  gravi^  of  liquids  was  a  fruitful  source 
of  deception.  Many  capital  tricks  were  baseo  upon  it,  especially  when 
the  lighter  fluids  employed  were  of  the  same  color  as  those  on  which  ihey 
reposed.  If  for  example,  a  vessel  contained  oil,  wine  and  water,  thesa 
liquids  oould  be  discharged  by  a  siphon  like  No.  239  in  the  same  order; 
and  by  secretly  raising  or  lowering  an  ordinary  one,  or  the  moveable  tube 
in  No.  23S,  any  one  liquid  could  be  drawn  off.  Fresh  water  being  lighter 
than  salt  is  of^n  found  some  distance  at  sea ;  and  sailors,  like  old  jugglers, 
can  draw  up  either,  according  to  the  depth  to  which  their  buckets  are 
immersed.  Four  miles  from  the  mouth  of  the  Mississippi  the  fresh  waier 
is  about  two  leot  deep,  and  at  ten  miles  it  may  be  obtained  by  careful 
dipping. 

In  probleoi  ZXX  of  the  Spiritalia,  Heron  shows  how  siphons  may  b» 
concealed  within  the  figures  of  oxen  or  other  animals  in  the  act  of  drink- 
ing ;  the  orifice  of  tJie  short  le^  being  at  the  mouth,  and  that  of  the  long 
one  in  one  of  the  feet  See  No.  240.  When  the  bore  of  the  siphon  lit 
properly  adjusted  to  the  quantity  of  water  flowing  into  a  buin,  the  aniiuli 
4nU  appear  to  drink  tbe  whole. 
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The  TolIowiDg  represent  a  number  of  Tantsliu'  cupi,  magic  goblots,  be 
In  No.  241,  the  long  leg  of  the  «l{^on  pas*e»  tlirougli  the  bottom  of  the 
TeMel,  and  the  short  one  remaioi  above  ;  to  that  whea  the  liquid  risea 
over  the  bead,  it  will  be  diacharged  by  the  tiphoa  into  the  cavity  below. 


I 


Device!  of  this  kind  admit  of  numerous  modifications  by  which  the  tube 
may  be  concealed.  When  it  ia  encloaed  within  the  figure  of  a  man,  (the 
water  entering  at  one  foot  gligfatly  raised,  and  pasaing  out  through  the 
other,)  the  veaoel  is  named  a  Tanta/ny  fxp,  and  the  liquid  instead  ofenter- 
ing  the  mouth,  as  in  No.  240,  only  rises  to  the  chin,  and  then  runs  away- 
illustrating  the  classical  fable,  which  represents  Tantalua  suffering  the 
torturea  of  thirst  in  the  midst  of  water  that  reached  to  hie  lips,  but  which 
on  his  attempting  to  taste  sunk  below  his  reach  ;  hence  the  origin  of  our 
word  tantalize,  and  its  relatives. 


Tintslui :  in  s  paal  be  itood,  bu  cun 

Wuh'd  by  (he  wave  ;  thinl  parch'd  he  saeni'd,  bal  round 

NoDgbl  ID  umsge  hii  Ihiril ;  Tor  when  he  bew'd 

Hu  hoary  bead.  srdBnl  to  i]Daff,  Ihe  flood 

Vaoish'd  slMorb'd.  and  at  h»  feet,  adul 

Tba  foil  appeu'd,  dried  imlant,  bj  the  (edi. 

Odf*.  li.     CoiKftr. 

It  ia  supposed  the  table  was  intended  to  illustrate  the  influence  of  ava- 
rice, by  which  misers  in  the  midst  of  plenty  often  deny  themselves  the 
necessanes  and  comforts  of  life. 

Sometimes  the  *i(J<#  and  bottom  of  Tantalus'  caps  are  made  bollosr  and 
the  siphon  formed  within  them.  No.  342  ia  one  of  these.  A 
don  of  it  will  sufficiently  explain  the  ooostruction.  A  small  opeiimf 
the  bottom  (which  may  easily  be  concealed).  conununioaiM  wiui  a  p 
formed  by  a  partition,  above  the  top  of  which  the  liquid  must  rise  before 
it  can  pass  down  ^e  other  side  into  the  base  of  the  cnp. 

In  No.  243  the  siphon  is  fiirmed  within  tbe  handle.  The  short  le^ 
Gommunicatea  with  the  lower  part  of  the  cup  at  the  swell,  ao  aa  not  easily 
to  be  detected,  and  the  long  one  with  the  cavity  formed  below.  The 
figure  represents  a  Tantalua*  cup  in  our  possession. 

A  liquid  is  retained  in  one  of  these  aa  in  an  ordinary  goblet,  so  long  am 
the  Boriace  does  not  reach  above  the  highest  part  of  the  siphon ;  but  if 
the  cup  be  once  inclined  so -as  teset  the  latterin  operation,  the  contents 
will  gradually  be  transferred  to  the  hollow  base,  and  this  whether  ths 
vessel  be  replaced  in  an  upri^t  position  or  not.     Thtw  umkards  bav* 
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been  ao  contrived  tlwt  the  Mt  of  ^iplying  them  to  the  lipscIiBrgaii  tli« 
■iphon,  and  the  licjuid  iiutead  of  entoriog  qi«  mouth  tben  pasaed  throHKh 
an  illegal  psMage  into  the  cavity  formed  for  its  reception  below.  By 
makiDg  the  capaciw  of  the  mpbon  sufficiently  lar^e,  a  penon  ignorant  of 
the  device  would  find  it  a  difficult  matter  even  to  tatte  tbe  contents  how* 
ever  thiraty  he  might  be.  In  the  dark  as;ei,  simple  people  would  naturallv 
on  such  occasions  give  credit  to  I^endi  respecting  mischieTons  demon! 
loving  beer  and  taking  these  opportuniuea  to  get  it.  JDishoneet  puUicans 
whose  aign-boards  announced  "  entertainment  for  man  «nd  beast,"  ara 
■aid  to  have  occasionally  thus  despoiled  travelers  of  a  portion  of  their  ala 
or  mead,  as  well  as  their  horses  of  feed.  Oats  were  pot  into  a  perforated 
manger,  and  a  large  part  forced  through  the  openings  into  a  receptaUa 
below,  by  the  movements  of  the  hungry  animal's  motuh, 

Mard^  the  Roman  poet  refers  to  tricks  of  ancient  publicans,  and  what 
will  surprise  some  readers,  he  complains  of  having  had  wine  foisted  on 
him  instead  of  water.  Saveona  vn»  originally  built  like  Venice  on  piles^ 
and  was  a  sea-port,  though  now  several  miles  inland.  Water  has  alw^s 
been  extremely  scarce  at  this  city,  and  probably  w«8  more  bo  formerly 
than  at  present.  In  the  poet's  dnM  it  seems  to  have  brought  a  higher 
price  than  inferior  kinds  of  wine.    Haaee-  hie  complsoni : 


Bui  wlien  I  thoiiihi  ilie  pnrchin'd  liqno 

Tbaiweslfabb'tTDM  off  with  nbe.        L.  tii/Ep.  S7.      \Uiltta 

No.  3'14,  a  magical  pitcher,  from  the  eighth  problem  of  the  Spiritaliai 
The  siphon  is  nut  employed,  but  the  device  is  allied  to  the  preceding 
ones.  A  horizontal  partition  or  diaphragm  perforated  with  minnte  holM 
divides  the  vessel  into  two  ports.  The  handle  is  hollow  and  air-tight, 
and  at  tbe  place  where  its  lower  end  is  connected  to  the  pitcher,  a  tube 
proceeds  from  it  and  reaches  nearly  to  the  bottom.  At  tbe  upper  part  of 
tbe  handle  a  small  hole  is  drilled,  where  the  thumb  or  finger  can  readily 
cover  it.  It  should  be  disguised  by  some  neighboring  ornament  or  scrtML 
If  this  pitcher  be  half  filled  with  water  and  inverted,  the  liquid  would  b* 
retained  as  long  as  the  small  hole  in  the  handle  was  closed- — being  aw^ 
pended  as  in  the  atmospheric  sprinkling  pot.  No.  69  and  70,  and  in  Tulia'* 
sieve.  No.  74.  If  tbe  lower  part  be  filled  with  water  and  the. upper,  wiA 
wine,  the  liquid*  will  not  mix  as  losg  as  tbe  small  hole  in  the  nandle  •• 
closed  ;  the  wine  can  then  either  be  drunk  or  poured  out.  If  the  bole  be 
left  some  time  open,  a  mixture  of  both  liquors  will  be  discharged.  With 
a  vessel  of  this  kind,  says  an  old  writer,  "  Yon  may  welcome  unbidden 
guests.  Having  the  lower  part  already  filled  with  water,  call  to  your  ser- 
vant to  fill  your  pot  with  wine;  then  you  may  drink  unto  your  guest, 
drinking  up  all  the  wine  :  when  he  takes  the  pitcher  thinking  to  pledge 
yon  in  the  same,  and  finding  tbe  contrary,  will  happily  stay  away  until 
ne  be  invited,  fearing  that  his  next  presumption  might  more  sharply  be 
reworded." 

Another  old  way  of  getting  rid  of  an  unwelcome  visiter,  was  by  offering 
him  wine  in  a  cup  resembling  No.  245.  The  sides  were  double,  and  an 
air-tight  cavity  formed  between  them.  When  the  Teasel  was  filled,  some 
of  the  liquid  entered  the  cavity  and  compressed  the  air  within  ;  so  that 
when  the  cup  was  inclined  to  the  lips  aiid  partly  emptied,  the  pressure 
being  diminished,  the  air  expanded,  and  drove  part  of  the  contents  in  the 
ftce  of  the  drinker.  Porta,  in  his  Natural  Magic,  (Eng.  transladon.  1698,) 
meittioiis  several  similar  devices,  but  the;  ore  all  to  be  found  in  one  fbm 
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or  another  in  the  SpmtaU&.  One  goblet  was  ao  contrived  that  "  no  man 
can  drink  out  of  it  out  ha  who  knows  the  art."  The  liquid  wai  suspended 
in  cavities  and  discharged  by  admitting  or  excluding  air  through  secret 
openings.  Another  one  "  for  making  sport  with  them  that  sit  at  table  with 
us,"  a  cup  into  which  wine  was  {Kturvii  in  the  presence  of  the  drinker,  but 
who  could  derive  from  it  nothing  but  water,  ka. 

The  necromancers  of  the  'iartara  and  Cathayans,  [Chinese,]  says 
Purchas,  "  are  exceedingly  expert  in  their  diveilish  art.  They  cause  thai 
the  buttles  in  the  hall  of  the  great  Ickait  doe  fill  the  bowls  [cup]  of  their  own 
accord,  which  also  without  man's  help  pass  ten  pacej  through  the  ayre  into 
the  hands  of  the  great  kka%  ;  and  when  he  hath  drunke,  in  like  siirt  they 
returoe  to  their  place."  The  cups  were  doubtless  filled  and  moved  by 
some  ingenious  device ;  but  this  being  concealed,  the  whole  was  of  course 
miraculous. 

Among  the  antiquities  of  Lunenburg  was  a  magical  goblet  or  ewer, 
"  nne  aiguiere  dans  laquelle  11  y  a  sm  ttertt  hydratUigite."  (Le  Curieux 
Aotiquaire,  a  Leide,  1729,  torn  li,  495.) 

From  the  time  of  Heron  up  to  the  16th  and  lltk  centuries  Uttte  specific 
information  respecting  siphons  is  to  be  met  with.  They  were  of  course 
known  to  the  Romans.  Sir  Wm.  Gell  supposes  some  modification  of  them 
was  employed  in  connecting  the  Urge  boilers  in  which  water  was  heated 
for  the  public  baths.  It  appears  from  discoveries  made  in  Pompeii  that 
these  vessels  were  closed  on  all  sides  and  bore  some  resemblance  to  the 
bodies  of  modern  stills ;  and  that  to  economize  the  heat,  three  of  them 
were  placed  upon  each  other.  The  lowest  one  in  contact  with  the  fire 
was  the  largest  and  named  "  the  caldarium,  that  above  it  the  tepidarium, 
and  the  uppermost  which  was  supplied  with  cold  water  directly  from  the 
aqueduct  or  other  reservoir  the  frigidarium  ;  and  they  were  so  contrived, 
by  means  of  something  of  the  nature  of  a  siphon,  that  when  the  water  of 
the  lowest  was  drawn  off  for  the  bath,  an  equal  quantity  descended  simul- 
taneously from  the  second  to  the  lowest  cauldron,  and  irom  the  uppermost 
to  the  second."  Julius  Pollux,  who  lived  in  the  si>«ond  centnry,  informs 
us  that  siphons  were  used  for  tasting  wine.  They  are  also  referred  to  by 
Other  ancient  writers,  but  as  several  instruments  were  designated  by  the 
same  name,  it  ia  diflicult  to  determine  with  precision  what  particular  one 
was,  in  every  case,  intended.  It  is  very  probable,  from  the  remark  of 
Pollux,  which  is  corroborated  by  the  illustration  No.  23S,  that  siphons 
were  employed  by  ancient  mtlnert  and  private  gentlemen  for  decantio^ 
witM,  just  as  the  same  classes  use  them  at  this  day. 


H(..«S.A.D.  ISIL  Ni>.3n.A.D.mi. 

The  earliest  modern  figures  of  siphons  that  we  have  met  with  are  in  the 
Grarmaa  translation  of  Vegetiua,  Erffurt,  1511.     The  above  figures,  Nos. 
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246  and  247  are  copiea.  Both  are  dedgnad  to  show  the  application  of 
these  instrumenta  for  transferring  ^^-fg^  quantities  of  water  over  rising 
grounds,  as  mentioned  by  Heron.  No.  346  is  formed  entirely  of  wooden 
ptanks  stronsly  nailed  together.  The  upper  ends  of  the  two  trunks  or 
pipes  are  united  to  a  square  and  close  box,  bv  means  of  which  they  were 
charged  through  the  opening  on  the  top.  The  lower  oriiiceB  were  tem- 
porarily closeaby  plugs,  figured  below  with  short  ropes  attached.  When 
the  whole  was  filled,  the  hole  at  the  tup  was  closed  by  driving  in  the  stop- 
per, figured  near  it,  and  then  the  two  plugs  below  were  withdrawn  by 
means  of  the  ropes. 

There  is  little  doubt  that  large  siphons  made  of  planks  and  jointed  or 
lined  with  pitch  would  work  well,  even  if  they  were  not  perfectly  ti^t, 
provided  ^e  orifice  of  the  discharging  teg  was  considerably  lower  than 
the  surface  of  the  water  in  which  the  short  lev  was  placed. 

Heron  directed  large  iiphoni  to  be  filled  through  a  funnpl  at  the  top, 
U)d  the  orifices  closed  below,  as  represented  in  Nos.  246  and  347. 

No.  247  was  of  metal,  but  charged  like  the  last  by  means  of  a  wooden 
box  I  the  opening  to  admit  the  water  and  ita  stopper  being  clearly  repro- 
seated.  There  appears  no  device  for  closing  the  lower  ends  of  thia 
aiphon ;  and  as  they  enter  the  water  pe^endicularly,  tho  plugs  and  ropefl 
used  in  No.  246  would  hardly  apply.  Probably  the  short  leg  was  closed 
by  a  vtdix  opening  upwards  at  the  bottom  of  uie  box,  on  which  account 
the  latter  was  made  conical  to  afford  room  for  it  to  play.  This  vslvs 
would  be  autficient  for  the  purpose  of  charging  the  siphon,  provided  th« 
npper  part  of  the  box  was  higher  than  anjr  other  part  of  the  InsirumenL 
We  therefore  suppose  that  the  disproportionate  sise  of  the  box  and  it* 
being  figured  below  the  bend  are  errors  of  the  artist. 

Of  modern  improvements,  the  addition  of  sucking  tubes  by  which  amaU 
nphons  are  now  commonly  charged  was  the  firsL  It  is  uncertain  when 
or  by  whom  they  were  introduced.  They  do  not  appear  to  have  been 
much  used,  if  at  all,  before  the  early  part  of  the  last  century  ;  for  all  tlw 
siphons  described  in  old  treatises  on  chemistry,  distilling,  &c.  invariably 
consist  of  nngle  tubes,  which  were  either  charged  by  immersing  them,  or 
by  drawing  out  the  air  from  the  orifice  of  the  discharging  leg  by  tha 
mouth.  It  may  contribute  to  some  future  history  of  the  siphon  to  p 
k  few  of  these. 


The  first  two  are  from  the  English  translation  of  one  of  Conrad  Qesner't 
works,  Lond.  1699.  (See  page  38»of  this  volume.)  Speaking  of  draw- 
ing off  water  from  the  head  of  a  still,  the  author  observes,  "  You  may  put 
eertaine  drat/ing pipa  into  the  cover  such  as  you  see  here  livelie  portrav- 
ed."  Copies  of  the  same  are  inserted  in  several  other  old  works.  In 
"  Maison  Ruslique,"  Paris,  1674,  folio  217,  they  are  to  be  seen,  and  tha 
iastrumento  are  said  to  have  been  made  of  tm  plate,'  [tuyatx  defer  blane.) 


re  (tia  piste)  which  oonlribute*  so  Isrgely  lo  the  ramuhi 
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No.  250  ii  from  tbe  "  DicuwiDure  CSconornkjue,"  Panj,  1733,  3d  edit. 
Tome  i,  S64.  It  is  obviously  copied,  with  the  distilling  apparatus  of  whick 
it  forma  a  pmn,  from  some  older  work.  No.  248  differs  in  nothing  from 
those  belonging  ona  of  the  Phvaoht,  (No.  236,)  while  the  furmi  of  Nos. 
S49  and  250  are  evidendy  owing  to  the  material  of  which  they  are  made, 
vis.  UDited  iron ;  the  legi  w«re  Mparate  pieces,  and  their  juncuon  formed 
«D  acute  a&el«. 

The  sucking  tube  is  not  figured  bv  Decaus,  Fludd,  Moxod,  Boyle,  Beli- 
dor ;  nor  yat  by  Rohault,  GtaTssande,  Desagalietv,  and  the  Abbe  NoUet, 
although  it  was  in  use  before  the  popular  works  of  the  last  named  auibon 
were  published.  Switzer,  in  hla  Hydrostaucs,  1729,  has  figured  a  siphon 
for  transfarring  water  over  a  hill  with  a  short  sucking  tube  attached  ;  but 
this  ia  placed  near  the  top,  and  was  designed  to  draw  off*  the  air  that 
might  accumulate  at  the  oend  after  the  initrumeDt  had  been  some  lime 
id  UM. 

Id  Mardn'f  "  Philosophical  Grammar,"  Lond.  1762,  sixth  ediL  No.  SSI 
i»  represented.  The  sucking  tube  appears  but  as  the  nucleus  of  the 
modern  one,  being  a  very  short  conical  piec«  attached  to  the  extremity 
of  the  discharging  leg.  The  figure  we  suppose  was  in  the  previous  edt- 
licns  of  the  work.  It  was  copied  into  the  London  Magasine  for  1704, 
p.  584,  and  is  there  named  "  the  syphon  or  crane  in  oonaiim  wte."  But 
the  sucking  tube  was  fully  develtmed  before  these  dales.  In  "  Arts  et 
Matieres,"  it  is  not  cnrlailed  of  its  isir  proporcioDs.  Tho  treatise  on  the  Art 
of  the  Cooper,  (Art  du  Tonoelier.)  was  published  in  1763,  aad  ia  it  No. 
S52  is  given  u  the  siphon  then  used  in  Paris  for  emptying  wine  cuks,  kc 
It  WIS  made  of  tJm  plate,  and  for  the  coavenieooa  of  han^ng  it  up  when 
not  in  asa,  a  ring  was  attached  to  the  upper  part  "  Ce  siphon  est  conna 
koas  le  nom  de  pompe."     (Folio  edit  p.  47.) 

"  L'Art  du  Distillateur  Liquoriste,"  was  published  in  1775.  In  it 
another  valuable  modification  of  the  siphon  is  exhibited.  See  No.  253. 
This  in  its  outline  resembles  the  preceding  one,  being  made  of  the  same 
material.  It  ha*  no  socking  lube,  but  the  dischat^ng  le^  is  closed  by  a 
cock,  and  the  receiving  one  by  a  light  valve  opening  mwards ;  bence 
when  onc«  charged,  this  siphon  would  always  remain  to  while  die  cock 
was  kept  shut :  it  could  be  moved  from  one  vessel  to  empty  another  at 
pleasure,  for  as  soon  as  the  end  of  the  short  leg  was  immersed  and  the 
cock  opened,  it  would  commence  to  aot.  This  instrument  was  named 
"  srpAoM  d  dapet."     (Folio  edit  p.  140.) 

The  more  common  form  of  the  siphon  as  now  used  is  shown  at  No.  254, 
ft  valve  in  the  short  leg  being  dispensed  with.  Small  instruments  are 
•o  easily  charged,  that  litUeor  no  advantage  is  derived  from  keeping  them 
fiBed.  Iiiquids  confined  in  them  become  insipid,  and  in  some  cases  tainted 
by  the  material  of  the  tube ;  besides,  as  small  siphons  are  required  to 
decant  different  liquids,  tiieir  contents  must  be  discharged  every  time  the 
liquid  is  changed.  On  these  accounts  the  valve  has  been  dropped.  The 
junction  of  the  sucking  tube  with  the  discharging  leg  must  always  be  kept 
below  the  surface  of  tne  fluid  to  be  d«awn,  as  the  virtual  length  of  the  leg 
tiiere  terminates.  By  means  of  the  cock  the  discharge  can  always  be 
regulated,  and  when  a  receiving  vessel  is  filled — entirely  stopped  until 
another  vessel  is  prepared. 

Siphons  with  small  syringes  attached  for  the  purpose  of  charging  theiR, 
ue  ireqnently  made  by  silversmiths  for  decanting  wine  from  ordinary 
bottles,  Ice.  See  No.  S$5,  The  capacity  of  the  syringe  should  a^uu 
diat  of  the  siphon,  as  one  stroke  only  (an  upward  one)  of  the  piston  can 
be  osed.    Atmospheiic  and  forcing  pumpi  are  often  used  to  charge  very 
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lonr  siphons;  iW  fbrmer  iMing  spplivd  to  the  diichar^ng,  and  the  Uiter 
to  the  receiving  oriGce. 

or  devices  fur  stopping  and  renewing  the  discharge  without  either  cocka 
or  valves,  the  Wirtemhwrg  njiktm  is  t£e  oldest.  It  was  so  named  from 
itt  invenLion  in  that  city.  The  legs  are  of  etjual  length,  and  to  prevent 
the  admission  of  sir  when  the  instrument  ia  not  in  tise,  iheir  ends  are  bent 
upwards.  See  No.  256.  (For  the  convenience  of  discharge,  one  end  is 
commonly  recurved.)  The  alledged  advantages  of  this  siphon  over  othere 
were  more  imaginary  than  real.  It  was  at  ooe  time  announced  as  "  a  very 
extraordinary  machine,  performing  divers  things  which  the  comnion  siphon 
cannot  reach."  Thus,  when  the  legs  were  inserted  in  different  vessels,  it 
was  said  to  preserve  the  liquid  at  the  same  level  in  both ;  and  although 
the  legs  were  of  equal  length,  water  rose  indifferently  up  one  and  descend' 
ed  through  the  other,  besides  other  properties  which  in  &ct  are  eommem 
to  ail  siphnns.  Its  only  peculiarity  consists  in  the  ends  of  the  legs  being 
turned  upwards,  so  as  to  retain  the  flnid  within,  and  thus  ho  always  ready 
for  use :  but  this  retention  of  the  contents,  although  theoretically  true,  h 
in  practice  hardly  attainable,  since  it  requires  the  orifices  to  be  always 
[ueserved  on  the  same  horizontal  line — a  condidon  extremely  difficult  lo 
perform,  except  with  very  small  instruments,  and  whose  ends  are  turned 
considenbly  up.  If  the  ends  reach  only  to  a  level  with  the  upper  aide  of 
the  flexure,  the  slightest  change  of  position  makes  one  leg  longer  than  the 
other ;  air  is'  admitted,  and  in  a  moment  the  whole  contents  are  expelled. 
A  siphon  thus  made  of  inch,  or  f  inch  tubing,  could  not  he  movea  fron 
one  vessel  to  another,  or  hung  against  a  wall,  without  the  contents  being 
displaced.  Disks  or  stoppers  placed  over  the  orifioes  would  prevent  tbia, 
but  they  would  virtually  be  vidves.  The  Wirtemburg  siphon  is  conse- 
quently seldom  seen  except  in  the  lecture  room.  (Sm  EhiL  Trans,  xr, 
846-7.  and  Lowthorp's  Abridg.  i,  537-9.) 

In  1808,  M.  Argand,  the  inventor  of  lamp  bttmers  that  go  under  his 
Dame,  devised  »  "  valve  siphon"  precisely 
similar  to  No.  S!£3.  From  remarks  mad* 
in  the  journals  of  the  time,  he  seems  to  hav* 
been  considered  the  intToduBer  of  the  valve 
— an  erroneous  idea.  As  regards  the  cm- 
ttnrtiom  of  his  siphon  all  that  conid  he  claira- 
by  or  for  him  wa*  the  mode  of  oonnectiiig 
the  Iws  to  the  horisonlal  part  by  screws,  so 
that  they  might  easily  be  separated,  eitiwr 
for  the  purpose  of  cleaning  or  more  coa- 
veniently  packmg.  But  At^and's  mode  ef  ' 
Km        '        «»»!.  •■•J?'<*«  fc.  .ipVn  wu  novel.     It  w» 

effeoed  on  the  same  pnneiple  as  water  is 
rawed  by  ^  ooMNe  Aydrmdiqie,  (page  372,)  viK.  by  moving  the  instru- 
ment perpendicularly  up  and  down  in  the  liquid,  until  it  became  filled. 
Instead  of  impartmg  motion  to  the  whole  instrument,  which  in  larger  ones 
would  be  ineoavenient,  H.  Hachette  suggests  that  the  lower  part  of  tha 
receiving  leg  he  connected  to  the  upper  part  by  a  flexible  tube  of  leuhar 
or  cloth  impermeable  to  liquids,  bo  that  the  pan  is  which  tho  valve  ia 
Btnated  need  only  be  moved.     See  No.  257. 

Siphons  are  necessary  in  nunerous  manipulations  of  the  laboratory,  and 
modem  researches  in  chemistry  have  given  rise  to  several  beautifhl  devicea 
for  charging  them,  and  also  for  interrupung  and  renewing  their  actioii. 
Whan  corrosive  liquids  (v  those  of  high  temperatures  are  to  be  transferred 
bf  aijiluuc,  it  ia  often  iBconrenient,  and  somaiimea  dangerooa  to  put  them 
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in  opention  hy  the  longi. 

on  hy  acids,  and  in  tome  caaei 

the  fluidi  thcnuelrei. 


Horeorer  cocka  and  valTot  of  metal  are  acted 
lid  4ffect  or  dettroy  the  prc^rtie*  of 


No.  25S  shows  how  hot  or  corrosive  liquids  may  be  drawn  off  from  a 
wide  mouthed  bottle  or  jar.  The  short  leg  of  ■  slpnon  is  inserted  through 
the  cork  ;  and  also  e  smiill  tube,  through  which  the  operator  blows,  ajid 
by  the  pressure  of  his  breath  forces  the  liquid  through  the  siphon. 

No.  259  represents  a  si^ihon  sometimes  employed  by  chemists.  When 
used,  the  iihart  leg  is  first  placed  in  the  iluid  to  be  deconted,  the  flame  of 
a  lamp  or  candle  is  then  applied  to  the  underside  of  the  bulb  ;  the  heat 
rarefies  the  air,  and  consequently  drives  out  the  greater  part  of  it  through 
the  discharging  orifice.  The  finger  is  applied  to  this  orifice,  and  as  ihe  bulb 
becomes  ciiol  the  atmosphere  drives  up  the  litjuid  into  the  void  and  puts 
the  instrument  in  operarion. 

No.  360  is  a  siphon  by  M.  Coltardeaa.  It  is  charged  by  pouring  a 
quantity  of  the  fluid  to  be  decanted  into  the  funnel ;  the  bent  pipe  attached 
to  which  terminates  near  the  top  of  the  discharging  leg.  The  fluid  in 
descending  through  this  leg  bears  down  the  air  withm  it,  on  the  principle 
of  the  tmmbe,  and  the  atmosphere  drives  up  the  liquid  in  the  reservoir 
through  the  short  leg.  In  experiments  with  this  instrument  we  invariably 
found  the  contents  ot  the  tharging  tube  drawn  into  the  siphon  whenever 
the  orifice  of  the  discharging  leg  was  not  made  smaller  than  the  bore  of 
the  receiving  one.  By  not  attending  to  this,  such  siphons  will  only  act  aa 
long  OS  water  is  poured  into  the  funnel. 

No.  261.  A  glass  siphon  for  decanting  acids,  &c.  It  is  charged  by 
ancking,  and  to  guard  against  the  contents  entering  the  mouth,  a  Lulb  u 


1  the  sucking  tube, 
isilile,  the  operator 
s  tsBtine  it. 
!62  is  designed  to 
ihe  short  leg  deep  in 


The  accumulation  of  a  liquid  in  this  bulb 
always  withdraw  his  lips  in  time  to  pre- 


s  when  not  in  use,  so  that  on 
plunging  ihe  short  leg  deep  into  a  liquid  the  instrument  will  operate.  This 
effect  however  will  not  follow  if  the  end  of  the  discharging  leg  descend 
below  the  flexure  near  it,  and  if  Its  orifice  be  not  contracted  nearly  to  that 
of  a  capillary  tube. 

No.  263  is  a  siphon  by  which  litjuids  mav  be  drawn  at  intervals,  viz. 
by  raising  and  lowering  the  end  of  die  discharging  leg  according  to  the 
surface  of  the  liquid  in  the  cistern. 

Our  own  labors  have  developed  some  novel  modifications  of  the  siphon. 
No.  264  is  charged  by  an  apparatus  designed  as  a  substitute  for  the 
syringe.  (See  No.  255.)  The  sucking  tube  of  an  ordinary  siphon  is  made 
to  pass  through  the  centre  of  a  much  larger  pipe.  This  is  closed  at  the 
bottom,  open  at  top,  and  its  length  equal  to  that  of  the  short  leg.  A  move- 
«ble  tube  open  at  bottom  and  closed  above  is  fitted  to  slide  in  the  last,  and 
is  of  such  B  bore  that  the  space  between  its  sides  and  the  exhausting  tube 
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lala  the  cspaoi^  of  the  siphon.  To  dm  tMa  inMruraent,  fill  the  wide 
_je  with  water  or  aome  other  fiuid,  &nd  place  the  ihort  leg  into  the  liquid 
to  be  decanted  ;  then  close  the  orifice  of  the  long  leg  with  the  finger,  and 
raise  the  movealile  tube  (hy  the  ring  attached  to  it)  and  the  si|iIion  will 
be  charged.  In  using  this  instrument,  the  fluid  hy  which  it  is  charged 
does  not  mix  with  that  which  is  decsnted,  as  in  No.  £60.  The  ajnperaias 
is  more  simple  than  a  syringe  and  is  not  liable  to  be  deranged.  By  using 
ury  both  the  length  and  bore  of  the  charging  lubes  may  be  greatly 


equals 
tube* 


reduced.  As  these  tubes  themselves  constitute  a  siphon,  (see  No.  336,) 
the  upper  end  of  the  small  e.thausiing  one  should  extend  a  little  above 
that  which  contains  the  charing  fluid,  lest  this  should  occasionally  rise 
over  the  orifice — in  which  case  the  whole  would  be  drawn  off.  A  descrip- 
Uon  of  this  siphon  was  pubUshed  in  the  Journal  of  the  Frankhn  Institute 
tor  November,  1834. 


Nos.  265-6  represent  another  mode  of  chaiving  siphons  on  the  same 
principle,  but  the  apparatus  is  more  simple  and  is  accompanied  with  some 
peculiar  advantages.  The  siphon  itself  has  no  exhausting  pipe  attached 
to  it,  but  is  a  bent  tube  simply.  It  is  put  in  operation  hy  means  of  a 
moveable  tube  of  about  the  same  length  as  the  discharging  leg,  and  having 
the  bottom  closed  and  a  lip  or  spout  formed  on  its  upper  edge.  This 
tubular  vessel  is  filled  with  water  (or  other  fiuid)  and  the  long  leg  of  the 
siphon  inserted  into  it.  The  short  leg  is  then  placed  into  the  liquid  to  be 
decanted  and  the  moveable  tube  drawn  gently  down.  The  air  within 
becomes  rarefied  and  the  instrument  charged  in  consequence  of  the  vacuity 
lefl  in  the  long  leg  by  the  receding  liquid.  The  moveable  tnbe  may  then 
be  wholly  withdrawn  or  not  as  circumstances  may  dictate.  If  the  liquid 
is  to  be  decanted  at  intervals,  or  the  stream  increased  or  diminished,  the 
tube  should  be  used  ;  thus,  to  lessen  or  stop  the  discharge,  slide  up  the 
tube  and  as  the  lip  approaches  to  a  level  with  the  surface  m  the  reservoir 
the  stream  will  become  less  and  less,  and  by  raising  it  still  higher,  as  in 
No.  265,  entirely  stopped.  Hence  the  instrument  acta  as  a  perfect  coet, 
by  which  the  liquid  may  be  discharged  in  single  drops  or  in  a  full  stream, 
and  unlike  the  ordinary  brass  taps,  it  can  never  leak  nor  require  repairs. 

The  apparatus  also  performs  the  part  of  a  gtiage,  viz.  b^  accurately  indi- 
cating the  surface  of  the  fluid  within  any  vessel  to  which  it  is  attached. 
Suppose  we  wish  to  know  the  quantity  of^ liquid  remsining  in  a  demijohn, 
or  other  close  vessel,  after  drawing  off  part  by  one  of  these  siphons ;  all 
that  is  required  is  to  slide  up  the  tube  til]  the  liquid  barely  drops  from  the 
lip — its  surface  in  the  tube  will  then  be  on  the  tame  lecel  as  in  the  demi- 
john. If  the  moveable  tube  be  made  of  glass,  the  quantity  left  can  always 
be  known  at  sight,  because  its  surface  in  the  tube  would  always  be  visible. 
A  device  of  this  kind  might  be  employed  to  draw  off  aud  to  gnsge  the 
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oontenti  of  atandiog  ca«k«.  Itvroald  ba  better  to  nmke  dia  ^Jlicbu^ng 
leg  of  this  siphon  •!'  rather  larger  bore  than  tbe  abort  one,  since  t^e  rare* 
faction  would  then  be  more  perfsct  Tbe  discharging  leg  must  alwkva 
be  inserted  in  the  moveable  tube  before  the  abort  one  ia  placed  in  iba 
liquid  to  be  transferred.  (See  Journal  of  the  Franklin  Innitate  for  July 
and  November,  183i.) 

No.  267  is  formed  of  a  conical  tube,  and  charged  by  the  act  of  placing 
it  in  the  fluid  to  be  transferred.  The  end  of  tbe  long  leg  is  first  closed 
tight  by  the  finger,  and  the  short  one  then  imtnersed  as  deep  as  can  be 
conveniently  in  the  liquid.  The  air  being  thus  confined  prevents  the  liquid 
from  entering,  but  when  the  finger  is  withdrawn,  it  is  urged  up  tbe  short 
teg  by  the  hydrostatic  pressure  of  ibe  column  over  tbe  orifice  of  the  latter, 
and  the  MomentmM  of  ute  large  volume  contained  in  the  lower  part  drives 
snificient  over  the  bend  to  put  tbe  instrument  in  operation.  The  action 
of  this  siphon  depends  upon  the  same  principle  as  the  spoaiiiig  tnbea 
described  in  the  last  chapter.  This  siphon  is  in  fact  merely  one  of  these 
bent  into  a  proper  focm.  The  bend  enould  be  a  regular  curve  in  order  to 
present  as  little  obitruction  as  possible  to  the  liquid  in  jMssing  over  :  h 
should  also  be  tiarl,  so  as  to  require  less  of  the  passing  fluid  to  fill  it  than 
a  longer  one.  The  proportions  of  the  difierent  pans  of  these  sipboiu 
should  approach  those  represented  in  the  cut.  Small  siphons  on  this  plan 
are  limited  in  their  application  to  those  cases  where  the  short  legs  can  be 
immersedhalf  their  depth  or  more;  but  tbe  application  of  large  initruments 
increases  with  the  depth.     (See  No.  336  and  remarks  upon  it,  page  499.) 

Nos.  868-9  are  bloioiiig  siphons,  being  charged  by  blowing  with  tbe 
moutk  through  the  tubes  connected  to  the  orifices  of  the  discharging  legs. 
This  mode  of  producing  a  vacuum  in  one  pipe  by  blowing  air  through 
aootber  is  sufficiendy  explained  in  a  previous  chapter.  In  No.  S69,  tbe 
ianction  of  tbe  siphon  with  the  blowing  tube  is  flush  or  smooth  in  tbe 
interior  of  the  latier,  and  whenever  this  is  the  esse  a  conical  ajutage  most 
be  added  as  represented,  or  the  instrument  cannot  be  charged.  (See 
remarks  on  blowing  tubes,  pp.  466-7.)  The  better  way  is  to  make  the 
siphon  like  No.  268,  in  which  a  part  of  the  leg  projects  Into  tbe  blowing 
bibe  and  diverts  tbe  current  of  ur  from  the  lungs  over  the  orifice,  as  in 
Nos.  20$-'6,  .'7,  and  '13.  These  are  more  readily  charged  than  the  others, 
and  although  they  will  operate  without  tbe  conical  ajutage,  they  are  much 
easter  charged  with  it.  By  such  siphons  water  may  be  raised  one  or  two 
feet  by  a  smart  puff.  They  are  sale  and  convenient  to  transfer  acids,  &e. 
as  there  is  not  uia  least  danger  of  receiving  any  portion  into  the  mouth, 
ma  when  sucking  siphons  are  used. 

Siphons  are  now  used,  as  they  were  by  tbe  E^ptians  in  Heron's  time, 
to  convey  water  to  connderable  distances.  When  they  are  laid  over 
ground  thai  is  elevated  from  SO  to  S5  feet  above  the  spring,  a  quantity  of 
air  is  disengaged  from  tbe  water  at  the  highest  parts  of  the  tube,  and  accu- 
mulating there  is  very  apt  to  cause  the  action  to  cease.  To  prevent  this, 
a  close  vessel,  furnished  with  a  cock  and  funnel  at  tbe  top,  should  be  con- 
nected at  its  bottom  to  die  bigbeat  part  of  the  siphon  by  a  stop  cock  or 
valve.  The  air  evolved  from  tbe  water  will  collect  in  this  vessel  and 
dtould  bo  oceasionally  drawn  off  in  the  following  manner.  Shut  the  tower 
cock  and  open  the  one  attached  to  the  funnel ;  then  expel  tbe  air  by  filling 
the  vessel  with  water  and  turn  the  cocks  as  at  first.  As  fresh  portions  oT 
Mr  arise  from  the  liquid,  they  will  enter  the  vessel  and  drive  the  water 
down  tbe  discharging  leg.  When  the  ground  is  very  uneven  at  tbs 
highest  parts,  the  several  eminences  of  the  nphao  shotdd  be  connected  l^ 
■mall  tubes  to  tbe  sir-diaiiiber. 
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We  have  koown  wphons  from  a  quarter  to  Italf  a  mile  in  length,  and 
fbrmed  of  leaden  pipe*  only  half  an  inch  in  the  bore  coatinue  runniag  from 
nine  to  fifteen  monUu  without  once  stopping,  although  no  air-veaseU  were 
attached  to  them.  In  one  case  the  ppe  was  1200  feet  in  leneth,  the  orifice 
at  the  discfaarring  leg  was  but  five  or  six  feet  below  that  of  the  receiving 
one,  and  the  bigneat  part  of  the  tube  wu  trom  12  to  15  feet  above  the 
Burlace  of  the  spring. 

An  opinion  is  current  with  some  writers,  that  the  extreme  elevation  to 
which  water  can  be  carried  by  siphons  was  unknown  to  the  ancients,  and 
that  Heron,  the  most  celebrsted  writer  of  antiquity  upon  thete  instru- 
ments, was  not  himself  aware  of  its  limitation  to  about  30  feet.  It  is  not 
clear  iliat  Heron  was  thus  ignorant;  but  if  he  were,  it  would  only  show 
that  in  this  department  of  the  arts  he  wss  no  pisctical  man.  That  ancient 
plumbers  and  pump-makers,  who  prepared  and  laid  large  siphons  were 
aware  of  the  limitation  there  can  be  no  doubt,  jtut  as  the  same  class  of 
mechanics  were  in  modem  times  with  regard  to  pumps,  before  philosophers 
were  informed  of  the  fact  or  able  to  accouct  for  it.  As  however  siphons 
for  conveying  water  over  hills  and  to  ^reat  distances  have  always  been 
of  rare  occurrence,  (comparativaly  speaking,)  it  is  not  at  all  surprising  that 
even  some  hydraulic  engineers  should  have  been  thus  ignorant  with  regard 
to  them,  although  ftmiliar  with  the  extent  to  which  water  can  be  raised  by 
atmospheric  pumps.  If  some  of  l}iese  men  have  talked  of  conveying 
water  by  siphons  over  mountains,  we  never  hear  them  speak  of  raising  it 
to  eqnal  elevations  through  the  suction  pipes  of  pumps.  Daily  experienoe 
in  applying  the  latter  to  various  depths  prevented  them  &om  falling  into 
the  error. 

Baptist  Porta,  in  the  19th  Book  of  his  Natural  Magic,  speaks  of  raising 
water  by  a  siphon  to  the  top  of  a  high  tower,  and  several  old  writer*  bare- 
the  same  conceit.  This  was  in  accordance  with  the  ancient  doctrine  ofiiM 
^JisNUto,  who  denied  thepossilulity  of  avacuum.  They  attributed  the  ascent 
of  liauids  through  siphons  to  nature's  abhorrence  of^a  void,  and  imagined 
the  elevation  to  be  unlimited.  But  these  men  were  philosophers,  whose 
practioal  knowledge  was  confined  to  portable  experiments ;  had  they  been 
working  pump-mskers  they  would  have  known  better  ;  they  would  bare 
become  advocates  for  the  opposite  doctrine — vaemtU.  So  long  was  the 
error  of  the  ptenists  maintained,  observes  Switzer,  "  that  I  have  seen  a 
book  of  Machines,  written  even  in  Q,ueen  'Elizabeth's  time,  by  one  Ward, 
an  engineer,  who  ventur'd  to  give  a  sketch  of  a  high  hill,  and  a  house  at  (he 
bottom  or  side,  over  which,  by  a  vast  extended  syphon,  the  water  was  to 
be  convey'd  from  one  vale  to  another,"  The  autkor  of  the  old  treatise,, 
entided,  '  Art  and  Nature,'  quoted  at  pp.  321,  375,  was  of  the  same  opi- 
tdon.  "  i£i>w  to  convey  tealer  over  a  nwnMtoM .-  this  experiment  is  as  easie 
to  be  performed  as  any  of  the  former,  and  indeed  after  the  same  manner, 
for  yon  must  lay  a  pipe  of  lead  over  the  mountain,  with  one  end  in  the 
spring  or  water  that  you  desire  to  convey,  and  the  other  end  must  lie 
somewhat  lower ;  then  open  the  pipe  at  the  top  of  the  mountain  ;  stop  - 
both  ends  of  the  pipe,  sod  with  a  tunnell  fill  the  pipe  full  of  water ;  then 
close  it  up  exactly  uat  neither  aver  nor  water  may  come  out  thereat ;  then 
unstop  both  the  ends  of  the  pipe,  and  the  water  will  run  continually," 
(p.  10.)  Decaus  appears  to  have  been  better  informed,  if  we  may  judge 
from  his  remarks  respecting  the  perpsndicnlar  lennh  of  pipes  of  aqno- 
spheric  pumps.  In  \aTge  engines,  he  recommends  that  they  be  not  made 
over  20  feet ;  and  including  the  working  cylinders,  be  says,  "  I  am  of 
opinion  that  it  I  the  water]  must  not  be  constrained  to  rise  more  than  thir^ 
feet  in  height''  The  second  plate  of  his  "  Forcible  Movements"  rept«- 
67 
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ataxia  two  atmiMpheric  pump*  placed  one  above  the  other,  and  the  lowest 
one  niaed  it  from  "  24  to  30  feet,"  and  the  upper  ooe  "  may  raise  it  froni 
thence  84  or  30  feet"  higher.  The  "  Forcible  Movements,"  it  will  be 
remembereil,  waa  published  about  thirty  years  before  the  discovei^  of 
Btmoapheric  pressure. 

Contrivances  for  discharging  water  from  the  highal  part  of  aipbona 
have  <^n  been  proposed.  They  are  to  be  met  with  in  several  old  authors, 
and  the  principle  of  most  of  them  may  be  found  in  the  Spiriialia.  They 
are  however  seldom  employed,  because  circumstances  on  which  they  de- 
pend rarely  occur ;  sod  other  devices  are  preferable  even  under  those 
circumstances.  A  descriptive  account  of  a  few  of  them  may  interest  some 
■nachiniats,  and  be  serviceable  to  others,  viz :  by  preventtng  ihem  from 
expending  their  energies  in  devising  similar  things-  Indeed  in  this  respect 
books  which  contain  accounts  only  of  the  bett  machines  are  not  always  the 
most  useful  Co  iitvtniort.  In  whatever  department  of  the  arts  these  mev 
exercise  their  talents  they  are  almost  certain  to  fall  st  one  time  or  anothw 
on  old  devices,  which  appear  to  them  both  new  and  equal  to  similar  plans 
in  common  use.  Books  therefore  which  describe  rejected  and  snticjuued 
contrivances  are  not  so  worthless  as  some  persons  imagine. 

One  plan  to  raise  water  by  a  siphon  consists  in  enlarging  or  swelling  it 
ont  at  or  near  the  bend,  or  what  amounts  to  the  same  thing,  connecting 
the  legs  to  an  air-tight  vessel ;  and  when  this  becomes  filled  the  commu- 
'Uicetion  between  it  and  the  legs  is  cut  off  by  valves  or  cocks,  and  the 
■contents  drawn  off.  When  this  is  done  the  vessel  remains  filled  with  air, 
which  if  admitted  into  the  legs  would  stop  the  action  of  the  siphon.  It 
must  therefore,  in  order  to  expel  the  air,  be  filled  with  some  liquid  to 
replace  that  drawn  out  Suppose  a  siphon  of  this  kind  be  designed  to 
raise  water  for  the  supply  of  a  dwelling,  in  or  near  which  the  veasel  is 
placed,  it  may  then  be  refilled  with  refuse  or  impure  water,  which  on 
adjusting  the  cocks  will  pass  down  the  discharging  leg.  Then  after  a 
short  time  elapses,  the  vessel  will  again  be  filled  with  fresh  water,  which 
m^  be  asain  exchanged  for  the  same  quantity  of  impure. 

In  locations  where  river,  salt,  or  any  other  water  can  thus  be  exchanged 
'lor  fresh,  and  it  is  desirable  to  do  so,  such  devices  are  applicable.  (In 
breweries,  distilleries,  Sus.  the  descent  of  one  liquid  may  thus  be  made  (n 
'raise  another.)  It  should  however  be  observed  that  an  equal  quantity  must' 
.be  given  for  that  received,  and  it  must  descend  rather  more  than  the  latter 
'rises.  But  when  circumstances  allow  these  conditions  to  be  fulfilled,  the 
'apparatus  is  not  always  to  be  depended  upon ;  air  insinuates  itself  through 
the  minutest  imperfections  in  the  pipes  and  cocks,  and  oilen  deranges  the 
whole.  One  of  these  siphons  is  described  in  Nicholson's  JourmJ,  4to. 
'vot.  iv,  and  in  vol.  ii,  of  Gregory's  Mechanics.  Another  in  the  Biblio- 
theque  Phisico-Economique,  which  is  copied  in  vol.  x,  of  the  Repertory 
-of  Arts,  2d  series.  Another  is  figured  in  Art  and  Nature,  A.  D.  1633, 
with  two  close  reservoirs  at  the  top ;  and  Porta,  in  cap.  3,  book  xix,  of  hia 
Magic,  describes  another,  with  the  close  vessel  on  the  top  of  a  tower  :  the 
'discharging  leg  is  described  aa  terminating  in  another  close  vessel  of  the 
same  siie  aa  the  one  above,  and  furnished  with  a  cock  and  funnel  through 
which  to  fill  it,  and  another  cock  to  discharge  the  contents :  this  charg- 
ing vessel  from  his  description  sppean  to  have  been  placed  on  the  ground 
a  Sttle  below  the  spring  and  then  emptied — if  so,  the  apparatus  could  not 
act  He  does  not  appear  to  have  bean  aware  of  the  necessity  of  the  con- 
tents of  the  lower  vessel  being  discharged  from  the  orifice  of  a  pipe  as 
much  below  as  the  receiving  vessel  on  the  tower  was  above  the  spring. 
The  device  (which  he  probably  imperfectly  copied  from  some  older  aothor) 


■■"S'^ 


Chtp.  6.]  Aim  Bi^um.  031 

would  then  be  ibe  same  u  tlie  liphon  for  nising  water  wbicb  GraTenndft 
ban  Rgared  m  the  aecond  volume  of  bis  Philosophy,  p.  39,  plBt«  74. 

The  beat  of  tbeie  devices  are  not  only  subject  to  derangemeDt  by  the 
wear  of  tbe  cocks  and  valves,  (md  w«nt  of  cara  in  opening  and  closing  ihem 
at  the  proper  times,  but  they  reijuire  almast  as  much  nctendance  as  would 
suffice  to  raise  the  water  directly  from  the  spring,  On  this  account  various 
contrivances  have  been  proposed  to  render  them  self-acting. 

An  ingenious  device  of  this  kind  may  be  seen  in  the  Gentleman's  Ma- 
gasine  for  1747,  p.  S62.  It  is  named  a  "  lifUng  liphtin."  Water  from  a 
spring  is  received  into  an  open  cistern,  from  tbe  bottom  of  which  a  pipe 
descends  to  a  perpendicular  depth  of  33  feet.  The  bore  of  this  pipe  is 
closed  and  opened  by  two  stop-cocks,  one  at  its  lower  end  and  the  other 
near  tbe  upper,  or  just  below  its  junction  with  the  cistern.  A  close 
vessel  to  receive  tbe  water  raised  is  to  be  fixed  at  any  required  elevation, 
not  exceeding  30  feet  above  the  cistern ;  and  from  its  bottom  a  pipe 
descends  to  within  two  inches  of  the  bottom  of  tbe  cistern.  This  pipe 
constitutes  the  short  leg  of  the  siphon,  and  its  upper  orifice  is  covered  by 
a  valve  to  prevent  the  water  that  ascends  through  it  from  returning.  From 
the  top  of  the  close  vessel  a  small  or  exhausting  pipe  proceeds  down  to 
the  one  beneath  the  cistern  and  is  connected  to  it  below  the  upper  cock. 
Thus  united  they  may  be  considered  as  the  long  leg  of  tbe  siphon,  al' 
diough  water  only  descends  through  tbe  lower  branch  and  air  through  the 
upper  one.  The  apparatus  for  alternately  opening  and  closing  the  cocks 
(upon  which  the  acuon  of  the  machine  depends)  is  somewhat  similar  in 
pnncipte  to  that  represerted  at  page  354,  A  bucket  containing  water  is 
the  prime  mover  ;  a  rope  attached  to  it  is  passed  twice  round  two  rollers, 
and  a  counterpoise  is  suspended  from  the  other  end  of  the  rope.  When 
the  bueket  is  partly  filled  it  preponderates,  and  when  it  is  emptied  the 
counterpoise  prevails ;  hence  an  alternating  movement  is  imparled  to  the 
rollers  and  to  the  plugs  of  the  two  cocks,  as  the  shanks  of  these  constitute 
tbe  axles  of  the  rollers. 


A  plan  for  making  siphons  of  this  descripijan  self-acting  by  means  of 
bur  vessels  placed  one  over  the  other,  and  each  provided  with  a  siphon 
by  which  its  contents  may  be  discharged,  was  proposed  by  Mr.  Wro. 


Cflose,  in  Nicholson's  Journal  before  referred  ^ 

M.  Hachette  has  combined  the  ram 
of  Montgolfler  with  tbe  siphon,  in  order 
to  discharge  water  from  toe  apex  of  the 
latter :  see  the  annexed  figure.  A  tbe 
short  leg  and  R  the  long  or  discharg- 
ing one.  Tbe  upper  end  of  each  termi- 
nates in  a  close  chamber  within  which 
two  valves  attached  to  a  perpendicular 
rod  are  made  to  work.  The  upper 
valve  closes  an  opening  in  the  horizon- 
tal partition  that  separates  the  interior 
of  the  chamber  from  tbe  air-vessel  and 
jet  pipe  above.  The  seat  of  the  lower 
valve  is  at  the  orifice  of  R.  The  dis- 
tance  between  the  valves  is  such  that 
when  one  is  closed  the  other  is  open. 
Their  movements  are  produced  as  in 
''the%im;  a  coiled  spring  keeps  the 
upper  one  closed  till  uie  momentum  of 
V».wm.  EuilpltH.  the  fluid  in  paanng through  the  siphon 
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■huu  the  tower  one.  Tlie  lower  eod  of  R  u  (braished  wtdi  a  cook,  and 
that  of  A  with  a  valve  opening  outwards,- for  the  purpose  of  elmigiiig  die 
tiphoD  through  an  opening  at  B.  When  in  operation,  the  water  after 
running  a  litde  while  acquires  sufficient  momentum  to  shut  the  lower  valve, 
upon  which  a  portion  rushes  into  the  air-vessel  and  eocapesin  ajet;  the 
spring  then  closes  the  upper  mlve,  and  the  fluid  descenos  through  R  till 
the  lower  valve  is  again  closed  and  another  jet  produced. 


CHAPTER    VII 

Vvmusf.  Vnrial;  of  tlidr  r^r■^  «- 
ftuBUiu  (VoB  I>«Hi>~~FcniiiUiu  \m  oM  BoBt—Wutr  <inLii(  rnm  mf  FomittlM  in  Faafi^i— 
AaUBUOB  trnnpHar— fooBUlu  bf  Joha  of  Bolofu  ud  M.  AB|*la— Old  ttaiaiat  ia  Nmsbecf , 
Aif^nrf  wid  Bnuicl*— Bluko^Hn,  DnjiUs  ud  BpaKar  qaoud— FIbbI^i*  tt  tMrnim  IW 
71WBCH  niir^  KCDiu  of  rowulu  tm  lk>  firdw  of  Ua  Tasu  Tllk-EulBf  U  |art—    M»J»J 


Abtivici&l  fountains  and  jets  d'eau  are  of  extreme  antiquity  ;  although 
they  were  not  (like  natural  ones)  objects  of  worship  among  the  ancients, 
they  were  at  least  held  in  great  estmiadon,  and  unusual  care  wu  ofl«n 
taken  in  designing  and  decoradng  them.  Indeed  no  other  hydraulic 
devices  have  ever  been  so  greatly  and  so  variously  enriched  with  ornament. 
The  pipes  of  supply  were  concealed  in  columns,  &c.  and  their  oriRces 
wrought  into  numerous  emblematic  figures,  (see  page  119,)  while  the 
basins  that  received  the  fluid  were  generally  of  polished  marble.  Some- 
times the  pipes  terminated  in  statues  of  men,  women,  children,  animals, 
birds,  fishes,  vases,  gods,  goddesses,  &c.  From  them  the  fluid  spouted 
high  in  the  air,  or  wa^  dtscnarged  directly  into  receivers,  or  brt^eo  in  its 
descent  by  intervening  objects  ;  oftentimes  it  was  made  to  flow  over  the 
rim  of  a  vase,  to  issue  from  others  that  seemed  to  have  been  accidentally 
overturned,  and  not  infrequently  the  figure  of  a  female  poured  it  from  a 

From  the  facility  of  applying  water  as  a  motive  agent  another  feature 
was  added.  Various  automata  were  put  in  motion  by  mechanism  con- 
cealed in  the  base  or  pedestal  from  which  the  fluid  issued — figures  of 
men  blew  trumpets  and  played  on  organs,  and  automaton  birds  warbled 
forth  notes  ou  adjacent  trees.  (Such  devices  are  described  by  Heron.) 
All  the  senses  were  often  gratified  at  these  fountains ;  the  stdtry  atmo- 
sphere was  cooled  and  rendered  grateful  to  the  feeling — the  sparkling 
Iiqiud  quenched  the  thirst — sight  was  gratified  in  contemplating  the  design 
and  execution  of  the  whole,  and  noticing  the  ever-changing  forms  aaanmed 
by  the  moving  fluid — the  pleasure  derived  from  the  sound  of  ftlliag  water 
hu  ever  been  Dociced  by  poets — and  not  to  fomt  the  Benw  of  Nnellin^ 
in  those  fouutaiiu  that  were  designed  only  to  mocunte  ths  tampentture  w 
tbs  air,  the  water  was  oflen  pt^imud. 

[:.,q,t,.-ec;:vC00«^lc 


Chip.?.]  Fomoaku  in  DeooMM—^Aen  vt  Same.  033 

The  toats  of  old  lancUc&pe  ^irdenera  for  fbnmaiat  «iid  cucades,  ser- 
pentina stream*,  and  other  "pieces  of  wfttar-worki"  Khbough  derived 
from  the  But,  had  it*  origin  in  nature.  "  Even  u  Paradue  itself  {lAjn 
Swiiser)  ma*t  have  been  deemed  an  immodelled  and  imperfect  plan,  had 
it  not  bean  watered  by  the  tame  Omnicient  hand  which  first  made  it,  to 
our  garden*  and  fields,  the  nearest  epitomy  and  resemblance  to  that  happy 
place  which  is  to  be  met  with  here  below,  cannot  be  said  to  be  any  way 
perfect,  or  capable  of  subsisting  without  it."  These  men  contemplating 
the  world  aa  a  garden  endeavored  to  copy  it  in  miniaCnre.  They  con- 
structed lawns  tor  deer  and  reared  diminutive  forests  lor  game — they 
formed  take*  and  stocked  them  with  fisb-~-walka  were  made  on  the  margin 
of  brooks,  torrents  fell  from  artificial  mountains,  and  tiny  streams  wound 
their  way  through  labyrinths  of  reeds  and  of  sedge.  Springs  were  seen 
bursting  out  of  rocks  rudely  piled  up,  as  if  thrown  together  by  nature, 
while  aquatie  birds  sported  in  oasin*  below.  But  they  went  further,  for 
ascending  jet*  were  dirown  up  so  a*  to  retemble  baooles  of  reed*,  others 
were  et««ted  like  wheat  sheafs,  or  branched  out  like  trees.  Sometimes 
the  streams  were  directed  so  a*  to  form  avenues  and  alcoves,  as  of  chrystal, 
which  when  the  sun  shone  produced  a  magical  effect.  Even  hedges  and 
borders  of  gardens  wore  imitated.  "  The  hedge  of  water  (says  Evelyn) 
in  forme  of  lattice-worke  which  the  fbntanier  caused  to  ascend  out  of  the 
earth  by  degrees  exceedingly  pleased  and  surprised  me." 

Giving  the  reins  still  more  to  their  imagination^,  these  artisu  were  hur- 
ried into  singular  nuerilides.  They  made  the  fluid  to  spout  from  the  sides 
of  ships,  the  mouths  of  birds,  and  other  incongmons  figures.  Swarms  of 
heathen  deities  were  also  pressed  into  their  service  ;  and  not  content  with 
a  Triton  blowing  water  through  hit  shell,  or  Neptune  pouring  it  from  an 
am,  figures  of  the  latter  were  made  to  rise  from  the  bottom  of  deep  basins, 
and  drawn  by  spotidng  dolphins  and  accompanied  with  Amphitrite  and  a 
legion  of  tea  nymphs,  sailed  over  his  fluid  domains  to  allay  the  tempest 
that  called  him  up  I 

Old  treatises  on  water-works  are  full  of  such  thine*.  In  "  Art  and 
Nature,"  Neptone  is  fibred  "  riding  on  a  whale,  out  of  whose  nostrils,  as 
also  out  of  Neptnne's  mdent  the  water  may  bee  made  to  spin  thorow  small 

E in  holes."  Otherdevices  consisted  of  "mvers  forms  and  shapes  of  birds, 
easts,  or  fishes ;  dragons,  swans,  whales,  flowers,  and  such  like  pretty 
conceits,  having  very  small  jm  holes  thorow  them  for  the  water  to  spin 
out  at."  The  16th  and  10th  plates  of  Decaus'  Forcible  Movements 
represent  ihe  mechanism  of  "  an  engin  bv  which  Galatea  is  drawn  upon 
the  water  by  two  dolphins,  going  in  a  right  line  and  returning  of  herself, 
while  a  Cyclope  plam  upon  a  flajoleL"  And  the  17th  and  18th  plates 
shew  Neptune  drawn  by  sea  horses,  preceded  and  followed  by  Tritons, 
sailing  round  a  rock  on  which  Amphitrite  is  reposing,  and  from  which 
water  is  ^hing  forth.  m 

Fountains  for  supplying  the  inhabitants  of  tom»  and  citia  are  frequently 
mentioned  in  scripture,  but  it  is  difficult  to  discriminate  between  ardficid 
ones  and  those  that  were  natural.  In  the  early  history  of  Rome  some  are 
mentioned.  The  news  of  the  victory  obtained  over  the  Tarquins  and  the 
people  of  IjBtium  was  conveyed  in  an  incredibly  short  time  by  two  young 
men,  said  to  have  been  Castor  and  Pollux,  who  were'met  "  at  Aefoumtam 
•K  file  marhetylaee,"  at  which  their  horses  foaming  with  sweat  were  drink- 
ing. (Plntarch  in  Paulus  ^milins.)  Statues  of  Jupiter  Pluvius,  of  Ae 
Egyptian  god  Canopus  and  others,  were  erected  over  fountains,  the  Kqaid 
issuing  from  different  and  sometimes  frcwn  all  parts  of  the  bodies.  On  the 
day  Julius  Ciasar  was  assassinated,  he  was  implored  by  Calphunua  in 
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consequence  of  a  dream,  to  remain  at  home  instead  of  meeting  the  acna 
tora  according  to  appointment,  a  circumstance  to  which  Shakespeare  thus 
alludes  ;— 

D«cnu.    H<n(  mighl;  Cum,  let  me  know  kdm  canie, 

Leit  I  ba  lughed  at  when  I  tell  tbem  w. 
Cown'.    Cmlphnmim  here,  mj  wife,  atajj  me  u  borne  ; 
She  draaml  lo-aigtil  ^b  uw  My  tUUai, 
Which  lUu  afmnUim,  with  a  kandted  ^mOa, 
Did  TQD  ^ure  blood,  ind  nwDy  lailv  RomBm 
C>me  imiliof ,  sad  did  bathe  theii  handi  in  iL 

Pliny  (xxxi,  2.)  speaks  of  a  fountain  from  which  water  ran  "  at  moajr 
pipes."  From  excavations  made  at  Pompeii,  it  appears  that  in  almost  evay 
Mireet  there  was  a  fonntain,  and  that  bronxe  statues,  through  which  the 
water  issued  were  common.  Several  have  been  found — four  or  five  are 
boys  of  beaudful  workmanship ;  the  fluid  issued  from  vases  resting  on  their 
shoulders  or  held  under  their  arms,  and  in  some  cases  frooi  masks.  Paint- 
ings of  elegant  fountains,  from  which  the  water  issued  in  perpendicular 
jets  from  vases,  have  also  beep  discovered  both  at  Herculaneum  and 
Pompeii. 

A  circumstance  mentioned  by  Snetonius  in  his  Life  of  Claudius,  the 
succesaor  of  Caligula,  although  not  directly  related  to  this  part  of  our  sub- 
ject, ebows  that  Roman  engineers  ware  quite  at  home  in  devices  analogous 
to  those  moving  and  musical  statues,  which  two  centuries  ago  wrere  so 
common  in  European  fountains.  Previous  to  drawing  off  the  waters  of 
the  lake  Fucinus,  the  emperor  exhibited  a  naval  conflict,  in  which  19,000 
criminals  were  engaged  against  each  other  in  two  fleets.  An  immense 
multitude  of  spectators  attended.  Claudius  presided  dressed  in  a  coat  of 
mail,  and  with  him  was  Agrippiua  in  a  mantle  of  cloth  of  gold.  Whan 
the  two  fleets  were  ready  to  engage,  a  Triton  oftilver  rote  up  i*  the  midtt 
<>ftht  laJce  and  tmatded  the  charge. 

or  modem  street  fountains  many  curious  ones  are  to  be  seen  in  Italy, 
France  and  Germany,  while  descriptions  of  others,  no  longer  extant,  msy 
be  found  in  M.iason,Blainville,and  other  writers  of  the  last  century.  Thir^ 
folding  plates,  representing  some  of  the  most  remarkable,  ara  attached  to 
Switzer'a  Hydrostatics.  A  colossal  statue  of  Jupiter  Pluvius,  in  a  singu- 
lar stooping  position,  was  designed  for  a  fountain  at  Tratoiino,  by  John  of 
Bologna,  The  extremities  are  of  stone,  but  the  trunk  is  formed  of  bricks 
overlaid  with  cement  that  has  acquired  the  hardness  of  marble.  A  num- 
ber of  apartments  are  constructed  within  it — one  in  the  head  is  lighted 
through  the  eye-balls,  which  serve  as  windows.  To  add  to  the  extraordi- 
nary effect,  a  kind  of  crown  is  formed  by  little  jetteuz  that  drop  on  the 
shoulders  and  trickle  down  the  figure,  snedding  a  sort  of  supernatural 
lustre  when  irradiated  by  the  sun.  One  band  of  the  figure  rests  on  the 
rock  as  if  to  support  itself,  w^e  the  other  is  placed  on  ^e  head  of  a  lion, 
from  the  mouth  of  which  the  principal  stream  issues. 

A  fountain  designed  by  Michael  Angelo  is  described  by  Sir  Henry 
Wottonas  'a  matchless  pattern,' being 'the  figure  of  a  sturdy  woman,  wash- 
ing and  winding  linen  clothes ;  in  which  act  she  imngt  out  the  water  that 
nuide  the  fountain,  which  was  a  graceful  and  natural  conceit  in  the  arti- 
ficer, implying  this  rule  that  all  designs  of  this  kind  should  be  proper.' 

Of  remarkable  fountains  at  Nuremberg,  Blainville  has  nouced  several. 
Of  one  he  observe,  "  Its  basin  is  an  octagon  in  the  middle  of  which  stands 
ft  large  brass  pillar ;  from  its  chapiters  project  six  mozzles  of  lions,  each 
of  which  spurts  water  into  the  air  out  oi  a  twisted  pipe.  On  the  comish 
are  the  six  cardinal  virtues,  which  squirt  water  &om  their  breasts.    On  thia 
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^Utr  Btands  a  leu  one  Bated,  upon  whioli  are  six  infants,  every  one  of 
whom  leans  on  an  etOUScheon  maring  the  arms  of  the  empire,  those  of 
Nuremberg  and  other  towns ;  they  are  all  of  them  sounding  trumnets,  out 
of  which  water  jets  in  plenty.  On  the  top  of  this  second  pillar  it  a  fine 
•teuie  of  Justice,  with  her  sword  in  one  hand  and  her  balance  in  the  other; 
she  likewise  sends  water  from  her  breasts,  and  supports  herself  upon  a 
large  ostrich  which  spouts  water  most  bounUfuUy.  AU  this  is  in  brass 
surrounded  with  an  iron  grate  tarred  and  gilt"     (Travels,  i,  197.) 

Another  at  Augsburg  he  thus  describes  ;  "  In  the  middle  of  the  basin  is 
a  double  pedestal,  at  the  foot  of  which  are  several  sphinxes  and  statues 
jetting  water  into  the  basin,  some  by  the  mouth,  others  by  their  breasts, 
and  three  by  trumpet-marines.  On  the  four  comers  of  the  first  pedestal 
are  four  line  statues  big  as  life  ;  their  feet  rest  upon  four  very  large  shells 
into  which  they  pour  water,  some  out  of  vases,  othen  m  amolAer  Jatkiom. 
Upon  the  top  of  the  second  pedestal  if  a  Hercules  combating  the  Lemean 
a^di»."     (Ibid.  291.) 

Old  writers  rei»«sent  Brussels  as  well  supplied  with  water  IfiO  yean 
a^  as  Rome  itseffl  There  were  twenty  public  fountains  at  the  comers 
(^the  principal  stj«eCs,  and  all  adorned  with  statues.  In  the  herb-tnarket 
were  ^gures  of  four  beautiful  females  "  squeezing  water  out  of  their 
breasts" — a  favorite  device,  and  another  equally  popular  was  adopted  in 
a  splendid  fountain  near  the  Carmelite  church  in  the  same  city  ;  "  Tout 
prds  de  cette  EgUae  est  le  Manneke-pis,  c'est  la  statue  d'un  gar^n,  elevee 
sur  une  colonne  ;  du  haut,  de  laquelle  il  jette  de  I'eau,  comme  s'il  piasoit, 
par  BB  pipe,  jour  et  nuit,  dans  un  bassin  qui  est  au  pied  de  la  colonne, 
C'est  une  des  sept  merveilteusea  Ibntainea  de  la  viUe."  (Le  Curienx 
Antiquaire,  tome  i,  176.) 

Shakespeare  often  alludes  to  the  figures  of  old  English  fountaina  In 
Winter's  Tale,  Act  iv.  Scene  I,  he  compares  the  old  shepherd  to  "  a  weather 
bitl«n  conduit  of  many  king's  reigns ;"  that  i*,  to  a  statue  from  which  the 
water  flowed.  Henley  in  commenting  on  the  passage  observes  :  "  Con- 
duits representing  a  human  figure  were  heretofore  itot  uncommon.  One 
of  this  kind,  a  female  form,  and  loeaiAer  btalat  still  exists  at  Hoddesdon  in 
Herts."  In  As  You  lik«  It,  Rosalind  says,  she  will  weep  "  like  Diana  in 
the  fountain" — an  allusion  to  that  erected  at  Paul's  Cross,  where,  after  tha 
religious  images  had  been  destroyed,  (see  page  106,)  "  there  was  lel  up 
a  curious  wrought  tabernacle  of  gray  marble,  and  in  this  same  an  alabaster 
image  a£  Dia»a,  and  water  conveyed  from  the  Thames,  prilling  from  her 
naked  breast," 

Drayton,  a  poet  contemporary  with  Shakespeare,  alludes  to  fbuntaini 
and  tbeir  basins  in  bit  Quut  ^  CjpUhia. 

At  Icnftb  I  on  a  foanlaia  light. 

Whose  brim  with  pinki  wu  platted, 
Tba  bsoki  wilh  daffiMilies  dight 

With  gran,  like  ilesTa  mta  matted. 

And  SpeiM^r  in  the  i^atry  Qiten — 

midit  «f  all  ■  (bontaiBe  steod, 
ti  ' 

Iwonilisi 

Foanlwns  have  always  been  indispensable  adjuncts  in  oriental  gtmUM, 
and  they  doubtless  formed  conspicuous  objects  in  those  of  Babylon.  Tha 
two  fbuntains  in  the  gardens  of  Altanoas,  from  their  elevated  poaition  and. 


_  Of  ricbeitnibitaiKe  ibBtoneutfa  might 
«  Slid  shinj,  that  the  silver  flofxT 
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the  kbuDd&nce  of  water  tliey  poured  fintfa,  must  hcve  grcftUy  contiilRitsil 
to  the  beanty  and  effect  of  the  Bnrroamting  iceneiy. 

Two  plenlaoui  rouDlaini  tba  whole  proapecl  crown'd  ; 

Thia  mrough  the  girdsD  ]ea<b  its  strotnu  arouiul, 

ViaiH  Moh  pluit  and  wnten  tH  die  (raund ; 

Wbik  ttiat  m  pip«*  benaadi  iha  pdaca  Sotti, 

And  thoDce  id  coireiit  on  Iha  Iohd  beatowi.         Odj.  *[i    Ptft. 

The  younger  Pliny's  description  of  his  Tuscan  viDa  contuM  the  only 
detuled  account  extant  of  an  uicient  Roman  gBrdeo.  As  might  be  sup- 
posed, fountains  nod  jets  d'eau  frequently  occur.  The  front  of  the  house 
faced  the  south  and  had  several  porticos.  The  terrace  was  embellished 
with  hedges  of  box,  and  the  lawn  overspread  with  the  soft  acanthus.  At 
one  end  of  the  front  portico  a  dining  room  opened  on  the  terrace,  and 
opposite  the  centre  of  the  portico  there  was  a  small  area  shaded  by  four 
plane  trees,  "  in  the  midst  of  which  a  fountain  rises,  from  whence  the 
water  running  over  the  edges  of  a  marble  basin,  gently  refreshes  the  sur- 
rounding plane  trees  and  the  verdure  underneath  them."  In  the  tame 
vidnity  he  describes  "  a  little  fountain  playing  through  several  small  pipes 
into  a  vase."  Speaking  of  the  view  from  the  front  windows  of  a  spacioas 
chamber,  he  observes,  they  look  "  upon  a  cascade,  which  entertains  at  once 
both  the  eye  and  the  ear,  for  the  water  dsahing  from  a  great  height  foams 
over  the  marble  beain  that  receives  it  below." 

After  mentioning  bathing  rooms  and  other  apartments,  walks,  meadows, 

Soves,  trees,  &c.  Pliny  continues — "  In  one  place  you  have  a  little  roea- 
w,  in  another  the  box  is  cut  into  a  thousand  different  forms,  sometimee 
into  JcC^j,  expressing  the  name  of  the  master,  soraetimea  that  of  the  artist; 
whilst  here  and  there  little  obelisks  rise,  intermixed  alternate  with  fruit 
trees  ;  when  on  a  sudden  in  the  midst  of  this  eleg;ant  regulari^  yon  are 
surprised  with  an  imitation  of  the  negligent  beauties  of  mral  nature.  In 
the  centre  is  a  spot  surrounded  with  a  knot  of  dwarf  plane  trees.  Beyond 
these  is  a  wall  planted  with  the  smooth  and  twining  acanthus,  where  the 
trees  are  also  cut  into  a  varie^  of  nomet  and  shapes.  At  the  upper  eoA 
is  an  alcove  of  white  marble  shaded  with  vines,  supported  by  four  smaD 
Carystian  pillars.     From  the  bench  [or  triclininm,  a  species  of  couch  on 


whicJi  the  Romans  reclined  to  eat]  the  water  gushing  through  several 
fittle  pipes,  a*  if  it  were  fretted  out  by  the  weight  of^the  persons  who 
repose  themselves  upon  it,  fells  into  a  stone  cistern  nndemeaui,  whence  it 


fittle  pipes,  at  if  it  were  fretted  <ntt  by  the  weight  or  the  persons  who 
repose  themselves  upon  it,  fells  into  a  stone  cistern  nndemeaui,  whence  it 
is  received  into  a  fine  polished  marble  basin,  ao  artfully  contrived  that  it 
is  always  Aill  without  ever  overHowing.  When  I  sup  here  this  basm 
serves  fiir  a  table,  the  largest  sort  of  dishes  being  placed  round  the  margin, 


fowls.  Corresponding  to  this  is  a  fountain  which  is  incessantly  empning 
and  filling ;  for  the  water  which  it  throws  to  a  great  height,  falling  back 
into  it,  is  iW  means  of  two  openings  Tetwratd  a*  ftut  at  it  it  received." 
This  must  have  been  either  a  modifioaUon  of  Heron's  fountain,  (No.  163,) 
in  which  the  water  would  appear  to  be  returned,  or  some  concealed  force 
pump  threw  it  back. 

The  practice  of  eating,  and  even  of  sleejung,  in  gardens  during  the 
summer  months,  has  always  been  more  or  less  common  in  the  Bast.  In 
Solomon's  Song  it  is  obviously  alluded  to.  "  Thou  that  dwellest  in  the 
gardens,"  that "  leedeth  among  the  lilies,  in  a  fountain  of  gardens,"  or 
rather  a  garden  of  fountains.  Indeed  a  great  part  of  this  song  seems  to 
refer  to  toat  season,  (and  ansieUr  for  its  approach,)  when  the  custom  waa 
for  the  wealthy  to  remove,  like  Pliny,  to  their  country  villas.  It  was  veiy 
«ommon  with  the  rich  Gbeeks  and  Romans,  as  well  aa  with  the  Jews  and 
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the  winter  iraa  p**t.  the  Min  oTer>  uid  aone ;  whm 
ira  appeared  on  die  earth,  aad  the  time  of  the  singuitf  <^  birds 
waa  oonie,  ana  the  TCHce  of  the  turtle  faeaid  in  the  land}  when  the  fiff  tree 
put  forth  her  green  fi^  and  the  vines  with  the  tender  gnpea  gave  a  good 
■mell"— to  hie  away  to  iteir  villas,  and  in  the  figuraove  langnaee  of  the 
East,  to  dwell  in  gardens  and  feed  among  lilies.  The  custom  islwsed  on 
some  of  the  finest  feelings  of  our  nature,  and  it  is  on  such  oecnHona  only 
that  wa  oan  realice  some  of  the  most  exquimte  pleasures  whioh  our  pro- 
genitors in  Eden  enjoyed.  Motaenma,  we  are  in&rmed  by  Solis,  took 
peculiar  pleasure  in  supping  in  his  gardens,  in  which  ware  mimeroM,/SaM.- 
AiHu  and  flowers  "  of  deligfatiul  vans^  and  fngtanee." 

That  the  Jews  had  foontaiQS  in  their  gardens  and  oAan  washed  io-  the 
basins  dnriug  the  heats  of  luiamer,  we  learn  from  the  aoeounts  of  Batl^ 
sheba  and  Smannah.  The  foontains  doubtless  being  shaded  with  foliage 
and  trees  like  those  mentioned  by  Flinj. 

Cato  the  censor,  that  terrible  scourge  of  the  loxnrioua  RtMnans,  ren- 
dered himself  generally  obnoxious  by  the  reformations  he  introdvced. 
Among  other  measures,  "  he  cut  off  the  pipes  by  wfaicb  people  conveyed 
water  from  the  public  fountains  into  their  houses  a*d  gardtnt,"  probably' 
on  account  of  its  excesovB  waste  in  ornament^  water-w^ks,  Plntaroh 
has  quoted  an  epigram,  from  which  ws  learn  that  the  pAjusi^pMiny  of  this 
celebrated  man,  like  that  of  SootaMs  and  Phocion,  wss  sot  vety  pre- 

Witli  BTcs  M>  grej  ind  hair  le  rsd, 
With  toiki  so  mxp  and  ksen, 
.  Tboa'lfnght  lbs  iLadas  wben  Ihon  srtdsad, 
And  bell  wont  Ist  thes  b.  Lamgkotiu't  Tmu 


To  give  an  account  of  modem  street  and  garden  fonntaies  wonld  be 
an  endless  task.  Descriptions  of  the  most  remarkable,  as  those  in  the 
gardens  of  Frescati  and  Versailles,  are  too  common  to  need  lepetidim  here. 
We  shall  therefore  merely  notioe  a  few  singular  ones. 

There  is  no  doubt  that  the  genera]  features  and  essential  parts  of  andent 
&ncy  water-works  were  preserved  in  thoseof  modem  Italy,  whence  thw 
were,  including  water-organs,  spread  over  the  rest  of  Europe.  A  sketch 
of  those  !n  the  gardens  at  Pratolino  will  ffve,  says  an  old  writer,  a  general 
idea  of  other  Italian  works  of  the  kind.  "  Besides  Tritons,  Cupids,  and 
other  statues  which  on  a  sudden  cover  you  with  water,  other  sueuns 
issue  from  between  rows  of  tiees.  Bee.  You  are  led  into  a  grotto,  of 
which  the  roof  alone  is  said  to  have  cost  30,000  ducats,  being  all  of  coral, 
mother  of  pearl,  and  other  costly  materials  ;  the  walls  are  lined  with  the 
same,  and  Uie  pilasters  adoreed  with  an  organ,  which  by  means  of  water 
plays  several  tunes.  Hera  your  eyes  are  diverted  with  a  great  vaiiety^ 
of  moving  figures :  the  god  Pott  strikes  up  a  melodious  tune  with  his 
mouth,  at  the  sight  of  his  mistress  stsnding  before  him.  In  another  grot, 
an  a»gti  carries  a  trumpet,  puts  it  to  big  mouth,  and  gives  yon  a  tune  upon 
it.  In  another,  a  doum  carries  a  dish  of  water  to  a  terpegt ,  which  lifls  up 
its  head  and  drinks  it.  Here  you  have  a  mill  grinding  ohves— in  another 
a  paper  mill  with  the  hammers  g«ng.  The  grotto  ofOalatea  shows  her 
coming  out  of  a  door  in  a  sea  chariot  with  two  nymphs,  and  having  sailed 
a  while  upon  the  water  she  retnms  the  way  she  came.  In  the  basin  is  a 
large  dolphin  carting  a  naked  woman  on  bis  hack,  and  swimming  about 
with  several  other  figures,  all  moving  as  if  alive.  In  another  place,  you 
see  a  curious  round  table  fit  to  nceive  fifteen  gaests,  having  a  Ibuntain 
plaving  in  the  midst,  while  other  streams  play  between  every  two  persoM 
and  supply  them  with  water  to  cool  their  wine.  The  woman  tf  Samaria 
6S 
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appears  next,  coming  out  of  her  home  with  two  buckets,  and  having  filled 
them,  ^a  back  the  same  wa^.  Meantime  you  are  diverted  with  amitha 
thumping,  milla  going,  and  btrdt  ehtrptHg  on  <r«f— all  which  are  let  to 
work  by  the  water." 

In  Dr.  H.  Brown's  Travels,  (Lond.  1686,)  are  figures  of  one  or  two 
ancient  fountain*— one,  in  Carintbia,  of  the  form  of  a  dragon,  from  whose 
month  the  water  issued. 

In  the  year  916,  an  embassy  proceeded  from  Constantinople  to  Bagdad 
and  was  received  with  much  pomp  by  the  Caliph  Hoctaaer.  "  In  the 
midst  of  the  great  hall  in  which  he  gave  audience  to  the  ambassadors 
was  a  tree  of  massy  gold,  which  had  (amongst  others)  eighteen  principal 
branches,  whereon  were  birds  of  gold  and  silver,  which  clapped  their 
wings,  and  warbled  various  notes."-^Hartigny's  History  of  the  Arabians, 
lit,  323.) 

Harco  Panlo,  in  the  13lh  century,  mei^ons  a  foantain  in  the  gardens 
of  the  "  Old  man  of  the  Mountain,"  which  gave  out  wine,  milk,  and  a 
mixture  of  honey  and  water. 

Rubnques,  in  the  same  century,  saw  a  lilver  tree  at  the  court  of  the 
Great  Khan,  which  poured  forth  milk  and  wines  of  different  kinds.  At 
the  foot  were  four  lions,  through  each  of  which  passed  a  tube.  On  the 
summit  was  the  figure  of  an  angel  holding  a  trumpet,  and  which  by  some 
interior  mechanism  was  made  to  sound.  It  was  the  work  of  a  French 
goldsmith. 

This  predilecdon  for  trees  as  ornaments  for  fountains  and  gardens  seems 
to  have  been  of  a  more  ancient  date.  The  jw^  trtt  oT  bratt,  which  was 
consecrated  to  Apolto  by  Niciss,  and  placed  in  a  field  or  garden  purchased 
by  him,  probably  served  for  a  fountain.  It  must  have  been  of  enormous 
dunensions,  since  a  fragment  that  was  blown  off  by  a  storm  of  wind,  "  fall- 
ing upon  a  lai^  statue  demolished  it."  (Plutarch  in  Xicias.)  The 
gidestal  of  diis  statue  has  been  discovered.  A  golden  statue  of  Pallas, 
lutarch  observes,  was  erected  in  the  temple  of  Delphi  on  a  palm  tret 
of  brau,  which  had  golden  JrmL  There  are  two  other  celebrated  trees 
mentioned  in  history,  but  their  uses  are  not  indicated.  We  learn  from 
Herodotus,  vii,  27,  that  Pytiiius,  a  native  of  LydJa,  presented  Darius  with 
ftpfoNe  tree  at gAd.  It  was  worth  5^  millions  sterling  according  to  Mont- 
fiuiGon.  The  gdde*  vine  of  Aristobolus  was  valued  at  400  talents.  It 
was  carried  throng  Rome  in  Pompey's  third  triumph,  and  afterward 
deposited  in  the  temple  of  Jupiter  Capitolinus.  Another  one,  which 
Alexander  took  at  the  sack  of  Thebes,  was  preserved  at  Rome  in  the 
temple  of  Apollo  in  Pliny's  tiine.  This  author  has  a  remark  on  the  decay 
of  toe  art  of  working  brass,  which  may  here  be  nodced.  He  observe*, 
in  former  times  the  artists  worked  to  win  fame  and  glory,  "  but  now  as  in 
all  things  else  for  gain  and  lucre  only,"  (xxxiv,  chap.  8.) 

One  of  the  fountains  at  Versailles  was  in  the  form  of  an  o^  tree,  traai 
which  the  lipoid  was  dispersed  in  all  directions,  (It  is  figured  in  one  of 
die  plates  attached  to  Switzer'a  work.) 

AJnong  the  garden  water-works  at  Chatsworth  were,  "  1.  Neptune  with 
his  nymphs,  who  seem  to  sport  in  the  waters,  let  out  by  a  cock  in  several 
columns,  and  fidling  upon  sea-weeds ;  S.  a  pond  where  sea-horses  oon- 
tinually  roll ;  3,  a  tree  of  copper,  resembling  a  willow,  and  by  the  turning- 
of  a  cock  every  leaf  drops  water,  which  represents  a  shower;  4.  a  grove 
of  cypress  and  a  cascade  with  two  sea  nymphs  at  top  with  jars  under 
their  arms  ;  6.  at  the  bottom  of  the  cascade  a  pond  with  om  artifiafd  rote, 
throu^  which  by  the  turning  of  a  cock  the  water  ascends,  and  hangs  iit 
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tbe  air  in  the  figure  of  that  flower ;  6.  another  pond  witii  Hercaiy  pcuu- 
ioffBt  the  eoda  and  throwing  up  water." — Lona.  Mag.  1762,  p,  7. 

Bell,  in  hb  account  of  the  Russian  embassy  to  Ispahan,  nobces  those  in 
the  gardens  of  the  Scah.  In  front  of  the  Hall  of  Audience  was  "  a  large 
fountun  of  pure  water,  which  springs  upward  in  three  pipes  and  iaUs 
into  a  basin  tilled  with  roses,  jessamines,  and  many  other  fine  flowers." 

In  one  of  the  public  gsrdens  of  Brussels,  among  other  watet^worki  yrw 
ta  hydraulic  organ. — (Le  Curieuz  Anbquaire,  tome  i,  175.) 

The  old  devioe  of  artificial  music  combined  with  fbuntsitis,  is  thus  men- 
tioned in  the  17th  Fropositiiui  of  Worcester's  Century  of  Inventions  ;— 
"  How  to  make  upon  the  Thames  a  lloabng  garden  of  pleasure,  with  treea, 
flowers,  banqueting  houses  and  fountains,  stews  for  all  kinds  of  fishes,  a 
reserve  for  snow  to  keep  wine  in,  delicate  bathing  places  and  the  like  { 
with  miuie  made  with  nulls,  and  all  in  the  midst  of  the  scream  where  it  it 
most  r^id. 

Fountains  were  ofWn  placed  within  ancient  public  buildings  as  well  h 
near  them.  They  were  common  appendages  to  temples,  ana  the  custom, 
as  mentioned  in  our  first  book,  is  still  retained  by  the  Turks  and  other 
Asiatics.  Henry  Blount  visited  Adrisnople  in  1624,  and  in  describiiu 
the  mosque,  says,  there  were  "  tame  conduits  with  cocks  on  the  nor£ 
side,  and  as  many  on  the  south  for  people  to  wash  before  divine  ser- 
vice ;  to  which  use  also  on  the  west  side  in  the  church-yard,  are  thirty  or 
for^f  cocks  under  a  fountain,  so  sumptuous,  as  exce|King  one  at  Palermo, 
I  have  not  seen  a  better  in  Christendome."— (A  Voyage  into  (he  Levant, 
Loud.  1638.) 

During  hot  weather,  Augustus  the  Roman  emperor  slept  [observes 
Suetonius)  with  his  chamber  doors  open,  "  and  frequently  in  a  portico  with 
waters  playing  around  him." 

"In  the  middle  of  the  square  of  the  Coliseum  is  a  pretty  remarkable 
piece  of  antiquity,  (says  Blainville,)  though  very  little  minded  by  most 
people.  Here  stood  anciently  a  beautiful  fountain,  adorned  with  the  finest 
marbles  and  columns ;  and  on  the  top  was  a  bronze  statue  of  Jupiter, 
from  which  issued  great  plenty  of  water,  as  may  be  seen  on  the  reverse 
of  one  of  Titus'  medals.  They  called  it  Meta  Sudan* :  meta,  because  it 
was  made  in  the  form  of  a  goal ;  and  wiuUau,  sweating,  because  of  the 
water  running  from  the  tereral  parU  of  tie  ttatue.  This  fountain  was  of 
great  use  both  to  the  spectators  and  the  gladiators  in  the  amphiihtatTt  to 
refresh  themselves.  Pope  Alexander  VII.  caused  it  to  be  repaired,  but 
abce  bis  dme  it  has  been  entirely  neglected." — (Travels,  vol.  u,  536.) 

The  theatres  of  the  Romans  were  fitted  up  with  numerous  concealed 
pipes  that  passed  in  every  direction  along  the  walls,  and  were  connected 
to  cisterns  of  water  or  to  machines  for  raising  the  latter.  Certain  parts  of 
the  pipes  were  very  minutely  perforated,  and  were  so  arranged  that  by 
turmng  one  or  more  cocks,  the  liquid  escaped  from  them  and  descended 
upon  Uie  audience  in  the  form  of  dew  or  extremely  fine  rain.  This  effec- 
tually cooled  the  heated  air,  and  must  have  been  exceedingly  refreshing 
to  the  immense  multitudes,  especially  in  such  a  climate  as  Italy.  On 
toTDo  occasions  the  water  was  tented  with  the  richest  pertumes.  Thua 
Hadrian,  in  honor  of  Trajan  his  father,  commanded  water  impregnated 
with  saffron  and  balsam  to  be  sprinkled  on  the  people  at  the  lAiatret, 
The  dining  rooms  of  Nero's  golden  house  were  ceilea  in  such  a  manner, 
that  the  attendants  could  make  it  rain  either  flowers  or  liquid  perfumea. 
At  one  feast  100,000  crowns  were  expended  in  perfumed  waters.  Sue- 
ttmius  says  they  were  dischai^ed  irom  "  ttcret  p^t."  The  ttaluei  that 
■doraed  the  interior  of  the  theoUss  were  made  to  sweat  perfumea  on  th* 
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ftadi«Boe.  Ttua  wu  Mieompli^tetl  bj  making  diem  hallow,  driUiiig  in 
them  &n  infinite  number  of  •mall  bo)M,  axA  conneoting  them  by  werat 
tubes  to  rvaerroin  of  souited  wuen.  Tbe  |>»oiice  is  nUnded  to  by  seversl 
ttutbora,  ftnd  unong  others  by  Luosa  in  the  following  passage  ^— 

A*  when  mighlf  Bome'a  apectatori  nieel 
In  Iha  full  tbaUre'i  Mpaciona  seat ; 
At  ODOB  bf  Mcrat  pip*«  ■nd  dwnneli  UA 
RiehttaniMagwma  amy  intiqaa  beadi 
At  onca,  ten  thoiuaiid  iSma  earatM  flaw, 
And  lain  theii  odon  on  tbs  crowd  below. 

Sometimes  rich  people  left  by  their  wilts  sums  of  money  to  {tinu^ 
these  perfdmes  and  the  apparatus  for  diapening  tfaem.  An  example  is 
given  by  Maffei  in  his  *  History  of  Ancient  Ampnitheatres.'  (Lond.  1730, 
p.  168.)  A  Roman  lady  bequeathed  funds  to  celebrate  a  hunting  of  wild 
beasts  in  the  EUnphltheaLre,  and  she  ordered  that  M/ifltfe*  should  be  mede. 
This  term  Maffei  understood  to  mean  "  those  hidden  chanDels  or  pipes  by 
which  with  wondsrfnl  artifice,  [as  is  twice  mentioned  by  Senecn,]  they 
caused  odoriferous  liquid  to  spring  up  from  the  bottom  to  the  top  of  tlm 
amphitheatre,  which  then  jetted  and  spread  itself  in  the  air  like  a  very 
fine  shower  of  rain." 

The  custom  might  be  adopted  with  advantage  in  modem  thentrea  ;  it 
would  render  viuts  to  these  crowded  places  more  agreeable  and  less  in- 
jurious to  health.  Why  can't  the  managers  announce  it  in  their  "bills," 
among  other  inducements,  just  as  their  predecessors  did  eighteen  eentories 
since  1  One  of  the  nodces  of  a  public  enterrainment  in  Pompeii  baa  been 
found  written  on  the  walls  of  a  batb  in  that  city.  It  ia  in  these  words  r-^ 
"  On  occasion  of  the  dedicadon  of  the  baths,  at  the  expense  of  Cnteus 
Alleius  Ntgidius  Maioa,  there  will  be  the  chase  of  wild  beeats,  atbletie 
contests,  tprvMing  ^  per^via,  and  an  awning." — (Pompeii,  vol.  i,  148.) 

Fountuns  for  coohng  the  air  should  constitute  part  of  the  ordioary  ap- 
pendages to  ckwrcha,  as  much  as  apparatus  for  beating  and  lighdng  theni. 
They  should  be  considered  by  us,  as  they  were  by  the  ancienu,  euntieU  to 
the  health  as  well  as  comfort  of  laree  assemblies  of  people.  They  certaiidy 
are  as  necessary  here,  especially  in  the  Southern  states,  as  they  were  in 
southern  Europe.  Their  construction  is  so  simple,  their  modifications  so 
various,  their  application  so  universal,  and  their  efiecis  so  beneficial  and 
cheap,  that  it  is  surprising  they  have  not  been  introduced.  We  don't  nee 
why  a  person  might  not  be  as  innocently  employed  in  pumping  water 
dunng  worship  to  supply  a  fountain  or  jet  o'eau,  as  in  pumping  air  mto  the 
pipes  of  an  organ.  But  it  is  unnecessary,  for  where  the  fluid  would  not 
rise  sufficiently  high  from  public  reservoirs  or  pipes  that  pass  through  the 
fftreets,  it  might  be  elevat^  into  a  reservoir  in  the  roof  the  day  previous 
to  the  sabbath.  In  this  use  of  fountains  ancient  architects  were  clearly 
in  advance  of  ours. 

The  custom  of  cooling  the  air  in  private  apartments  is  of  greatantiqni^ 
in  Ana,  and  is  sdll  kept  up  in  the  dwellings  of  princes.  See  a  plate 
in  Qenerole  Histoire,  tome  xiii,  p.  311,  representing  a  private  apartment 
in  the  seraglio  of  one  of  the  generals  of  Aurengzebe.  An  octagon  basin 
with  a  handsome  jet  is  in  the  centre  of  the  room,  with  images  of  birds 
floating  in  the  water.  On  the  borders  of  the  basin  are  trays  with  refresh- 
ments, and  the  company  reclining  around  on  carpets,  much  in  the  same 
manner  in  which  Plmy  represents  himself  and  friends  feasdng  around  a 
fenntain  in  his  garden. 

Henry  Blount  describing  one  of  the  palaces  at  Cairo  in  16S4,  obsnret, 
"  la  the  chiefe  dining  chamber,  according  to  the  capacitie  of  the  roome,  hi 
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mftde  one  or  more  richly  gilt  fonntaina,  wbich  througti  secret  pipes  sap- 
plies  in  ibe  middle  of  the  rooms  a  dsiatie  poole,  which  is  so  neatly  kept; 
the  water  so  cleare,  as  makes  apparent  the  exquisite  mosaik  at  the  bot- 
tome.    Herein  sre  preserved  luh  which  have  often  taken  bread  out  of  my 

Somedmes  the  jet  a  made  to  fell  into  basins  filled  with  flowers,  the 
odor  of  which  is  dispersed  in  the  spray.  Bell  describes  the  hall  of  audi* 
ence  at  Ispsh&a  as  a  most  magnificent  room,  lined  with  mirrors  of  various 
sizes,  the  flnor  covered  with  csrpets  of  silk  interwoven  with  branches 
and  foliage  of  gold  and  silver.  In  tfae  centre  were  two  basins  in  which 
several  [»pes  spouted  water  that  fell  among  roses  and  other  flowers  and 
produced  a  fine  eflect.  Another  fountain  at  the  entninee  threw  the  water 
so  high  that  it  fell  like  a  thick  run  or  dew  which  concealed  the  Schah  from 
those  on  the  opposite  side. 

See  remarks  on  tbs  introduction  of  portable  fountuns  into  private  dwel- 
lings at  page  36L 


Hit.m.    Aneiui 


That  ancient  farmers  occasionally  conveyed  water  through  pipes  into 
fields  for  the  use  of  their  stock,  as  is  now  someUmea  done,  appeara  from 
the  above  cut,  from  a  basso  relievo  preserved  in  one  of  the  museums  at 
Rome. — (D'Agincourt's  History  of  the  Fine  Arts,     Sculp.  Plate  L) 

It  has  already  been  remarked,  (pji.  163, 170,]  that  the  old  Mexicans  and 
Peruvians  hftd  fountains,  from  which  the  fluid  issued  through  figures  of 
snakes  and  crocodiles. 

There  is  reason  to  believe  that  three  and  four  way-cocks  were  andentlj 
employed  in  fountuns  :  they  are  to  be  found  in  the  old  water-works  M 
Italy  and  France. — (See  L'Art  du  Plombier  in  Aits  et  M^tieres,  4to.  edit, 
p.  S60,  plancbe  xiii.) 
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CHAPTER    VIII. 


PhiD— Clock  nrritd  Id  lriBB|ih  b;  Pim 

«  mat  VltnTlii*— Ftalo,  ARUii»d«i,  Platireh,  Thaj,  SoMaiiiv, 
4*  u  P>pl>-~Wuat  ikrfut  of  Lmti  Dibi 


Clbpsidkm  and  water  orguu  are  not  itrictly  included  in  the  general 
deiigu  of  this  Tolume ;  but  as  tbey  are  ancienC  dericea  in  which  water 
performed  an  important  part,  and  %a  they  undoubtedly  coutribated  to  the 
— provement  of  hydraulic  machinery,  and  moreover  gsve  riae  to  clocka 

3  watchea,  we  were  unwilling  to  omit  them. 

Sun-diala  were  the  earliest  means  employed  to  note  the  lapse  of  time. 
Country  people  in  alt  ages  have  marked  the  peuing  hours  by  the  shadow 
of  a  tree,  a  post,  the  comer  of  a  house,  or  any  other  permanent  object ; 
these  were  natural  gnomons,  while  the  ground  upon  which  their  shadows 
were  thrown  served  as  dials.  Id  cities,  artificial  objects  were  necessary  ; 
benoe  the  obelisks  of  the  Egyptians  and  oUier  ancient  people.  These  gno- 
mons were  placed  in  open  ana  conspicuous  places  for  public  convenience, 
and  many  of  them  from  their  great  elevation  threw  their  shadows  to  a 
considerable  distance.  Sometimes  their  pedestals  formed  tnagnificent 
buildings.  When  Dion,  alter  delivering  tne  Syracusans,  spake  to  them 
on  the  tyranny  of  Dionysins,  Plutarch  says,  he  stood  upon  a  lofty  sun-dial 
erected  oy  the  tyrant :  "  at  first  it  was  considered  by  the  soothsayers  a 
good  omen  that  Dion,  when  he  addressed  the  people,  had  under  hii  feet 
the  »tatdy  td^ce  which  Dionysins  had  erected  j  but  upon  reflecting  that 
this  edifice  on  which  he  bad  been  declared  general,  was  a  sun-dial,  they 
were  apprehensive  his  present  power  might  &1I  into  speedy  decline." 
"  The  dial  of  Ahaz"  seems  to  have  been  a  public  building  of  a  similar 
:ription.     The  governors  of  provinces  in  (^ina  assemble  o 


telling  towers"  on  public  occasion.    (Adas  Chinensis  of  Montanus,  p.  594.) 
The  Peruvians  had  pillars  erected  for  measuring  time  by  the  sun.     Small 


dial)  were  anciently  made  of  brass  or  other  metals  and  placed  upon  colomna, 
or  were  attached  to  public  buildings.  Vitruvius  has  described  several 
in  book  ix.  of  hia  Architecture,  and  among  them  one  by  Berosus  th« 
Chaldean. 

But  dials  are  only  serviceable  while  the  son  shines.  Daring  cloudy 
weather  and  afier  sun-eet  they  are  useless ;  other  devices  are  therefore 
required  to  mark  the  fleeting  hours.  Of  ancient  contrivances  for  this  pur- 
pose there  were  two  whose  action  depended  one  upon  fire  and  the  other 
on  water,  vie ;  by  burning  slow  matches,  powder,  or  candles,  and  by 
water-clocks.  The  former  were  used  by  the  Anglo-Saxons,  (see  p.  350.) 
and  are  siill  common  in  Japan,  and  probably  other  Asiatic  countiiea. 
Nifluht^,  in  bit  account  of  the  Dutch  embassy  to  China,  nya,  the  Chines* 
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have  instruinents  to  show  the  hour  of  the  day  which  operate  by  fira  and 
water.  Those  that  depend  upon  fire  "  are  made  of  perfumed  aabes." 
(C^lby'a  Trans.  1673,  p.  169.)  This  is  too  vague  to  convey  an  idea  of 
their  coaetrucbon  ;  but  irom  Thunbere's  account  of  those  he  saw  in  Japan, 
we  at  once  learn  what  they  were.  For  the  mensuration  of  time,  observes 
that  enlightened  traveler,  the  J^iaiiese  use  the  bark  of  the  skimmi  (anise 
tree)  finely  powdered.  A  box,  12  inches  long,  beinE  filled  with  ashes, 
■mall  furrows  are  made  in  the  ashes  Crom  one  end  of  the  box  to  the  other, 
and  so  on  backwards  and  forwards  to  a  considerable  number.  In  these 
furrows  is  strewed  fine  powder  of  skimmi  bark,  and  divisions  are  made 
for  the  hours.  The  powder  is  ignited  at  one  end  of  a  g^roove,  it  consumes 
very  slowly,  and  the  hours  are  proclaimed  by  striking  the  bells  of  the 
temples.  (Tnvels,  iii,  228.)  Time  is  also  measured  m  Japan  by  burn- 
ing matches,  twisted  like  ropes  and  divided  byknou.  When  one  of  theM 
afwr  being  lighted  has  burned  down  to  a  knot,  and  thereby  denoted  the 
lapse  of  a  certsin  portion  of  time,  an  attendant  announces  it  by  a  certain 
number  of  strokes  on  bells  near  their  temples,  if  in  the  day  ume  ;  but  in 
the  night,  by  strikine  two  pieces  of  wood  against  each  other. — (Ibid.  88.) 

In  all  ancient  devices,  the  passing  hours  were  announced  by  men  ap- 
pointed  for  the  purpose,  a  custom  still  continued  over  all  Asia.  Somedmea 
It  was  done  by  the  voice.  Thus  the  Turks  have  an  officer  (with  strong 
lungs)  on  the  top  of  every  mosque  who,  stoj^ing  his  ears  with  his  fingers, 
proclaims  with  a  loud  voice  the  break  of  day,  noon,  three  in  the  afternoon, 
and  twilight.  Mardal  the  Roman  satirist,  refers  to  a  similar  practice,  and 
Athenasus  mentions  "  a  mercenary  hour-teller."  Allusions  to  the  same 
custom  are  to  be  found  in  the  Bible — that  which  ye  have  spoken  in 
closets  "shall  be  proclaimed  upon  the  house  tops."  But  the  more  general 
mode  was  that  which  is  still  so  common  in  the  East,  viz.  by  striking  a  bell, 
drum,  gong,  or  some  other  sonorous  instrument,  and  distinguishing  thff 
different  hours,  as  in  our  clocks,  by  the  number  of  strokes.  In  modem  ages 
in  Europe  before  the  strilung  parts  of  town  clocks  were  invented,  men 
■truck  the  hour  on  a  bell,  and  long  after  these  officers  were  dispensed  with 
figures  of  men  were  made  as  ornament*  to  perform  the  same  dn^.  To 
these  "  Jacks  of  the  clock,"  Shakespeare  and  other  writers  of  his  age  oilen 
refer.  Such  clocks  are  still  extant ;  the  one  attached  to  St.  Dunstan's 
church  near  Temple  Bar,  London,  is  often  mentioned  by  writers  of  thfl 
last  century,  and  we  believe  is  bqU  to  be  seen. 

Some  audiors  attribute  the  invention  of  aaUr-dockt  to  GteMbins,  and 
others  suppose  they  were  first  used  under  the  Ptolemies ;  hut  both  are 
mistakes  :  they  were  doubtless  greatly  improved  by  the  Alexandrian 
mathematician,  and  probably  reached  the  acme  of  perfection  under  the 
successors  of  Alexander.  In  India,  Egypt,  Choldea  and  China,  clepsydras 
date  back  beyond  all  records.  They  were  known  at  an  early  period  in 
Greece.  Plutarch  mendons  them  in  his  life  of  Alcibiades,  who  nourished 
in  the  fifth  century  B.  C.  when  they  were  employed  in  the  tribunals  at 
Athens  to  measure  the  dme  to  which  the  orators  were  limited  in  their 
addresses  to  the  judges,  Demosthenes  and  his  great  rival  ^schines 
(dlude  to  this  use  of  them.  Plato  bad  water-clocks,  and  to  him  was  attri- 
buted their  introdacdon  into  Greece.  Plutarch  in  his  Philosophy,  observes, 
that  Empedoclas  illustrated  the  act  of  respiradon  by  "  a  clepitidre  water 
homr-glass."  (Opin.  of  Philos.)  Julius  Ceasar  found  the  Britons  in  poe- 
sesnon  of  them.  Pliny  (book  vii,  60.)  savs,  men  announced  with  the  voice 
the  hours  bom  the  shadow  of  the  sun,  ana  that  Scipio  Nasica  set  up  the  first 
de|Mydra  "  to  divide  the  hours  of  both  day  and  night  equally,  by  water 
diiolfing  and  dropping  out  of  one  vessel  into  another." 
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The  aadent*  hsd  vutmia  modificationfl  of  wBter-docks,  some  were  ex> 
ceedingly  simple,  and  others  elabonlely  constructed,  tmd  the  fbmu  ind 
decorauoni  woDderfutly  diversified ;  but  the  principle  wu  more  or  lesa 
the  same  in  all,  vis.  water  tricklii^  through  a  minute  channel  from  one 
vessel  into  another.  The  instruments  were  made  of  various  materialj 
from  glass  to  gold,  and  of  sizes  diffemig,  like  modem  clocks,  from  \arge 
ones  permanently  erected  for  public  use  to  such  as  were  carried  in  Ue 
hand. 

Valerianiis,  who  wrote  in  tke  16^  centary,  says  the  priests  of  Egypt 
divided  the  day  into  ttedve  hours,  because  the  cynocepluilua,  a  sacred  ani- 
mal, was  obeerved  to  make  a  violent  noise  at  those  times,  and  to  void  urine 
as  often.  Cicero  mentions  a  tradition  of  Trismegistue  observing  the  same 
thing.  The  Egyptians,  therefore,  ornamented  their  water-clocks  with 
figures  of  apes,  and  some  were  of  the  form  of  those  animals  urinating ; 
bence  it  would  seem  that  this  sin^Iar  people  not  only  derived  enemas 
from  studying^  the  habits  of  the  ibis,  bat  were  led  to  construct  clepsydrs 
from  noticing  those  of  monkeys. 

As  it  is  impossible  to  ^re  anything  like  a  history  of  these  machines  in 
this  Tolome,  we  shall  notice  a  few  only,  but  sufficient  to  give  a  genervl  ides 
of  dteir  construction  and  variety.  Sometimes  an  empnr  Immu  with  * 
minnu  opening  through  its  bottom  was  placed  floating  in  a  ustem  of 
water ;  the  fluid  gradually  entering  filled  it  in  an  honr,  half  an  hoar,  or 
some  other  determinate  time.  It  was  then  emptied  and  allowed  to  swim 
■s  before ;  as  soon  as  it  became  filled,  a  gong  or  other  instrament  wu 
sounded  for  the  information  of  the  public. 

"  The  Siamese  measure  their  time  by  a  sort  of  water-clock,  not  like  the 
clepsydra  of  old,  wherein  the  water  descended  from  above,  but  by  forcing 
it  upwards  through  a  small  hole  in  the  bottom  of  a  copper  cup  placed  in 
a  tun  of  water.  Wken  the  water  has  sprung  up  so  long  that  the  cup  is 
ftill,  it  sinks  down,  and  those  that  stand  oy  it,  forthwith  make  a  noise  with 
basons,  signifying  that  the  hour  is  expired."  (Ovington's  Voyage  to  Sarat 
in  16S9,  p.  281.) 

The  gkurree  ai,  or  clepsydra  of  the  Hindoos,  consists  of  a  thin  brass  cup 
bsving  a  hole  in  the  bottom.  "A  large  vessel  is  filled  with  water  and  this 
onp  placed  on  the  surface  ;  the  water  rises  through  the  hole,  and  when  it 
bas  reached  a  height  marked  by  a  line  previously  a4justed,  the  watchman 
gtrikea  the  hour  with  a  wooden  mallet  on  a  pan  of  bell  metaL" — (8ho- 
berl's  Hind,  v,  157.) 

In  otker  devices,  time  was  measured  by  emptyimg  the  vessel.  Valeria- 
nus  observes,  that  the  priests  of  Acanta,  a  town  beyond  the  Nile,  poured 
water  every  day  into  a  vessel,  by  the  dropptngof  which  throngh  a  small 
bole  they  measured  the  hours. — (Harris'  Lex.  Tech.) 

Dr.  Fryer,  who  visited  India  in  the  17th  century,  observed  the  ffin- 
doos  measaring  time  "by  tbe  dropping  of  water  out  of  a  brass  basin."— 
(Travels,  186.) 

It  is  obvious  that  by  adapting  tlie  siie  of  an  opening  in  the  bottom  of  a 
vessel,  the  entire  contents  of  tne  latter  might  be  made  to  flow  out  !n  a 
certain  time  and  with  tolerable  accuracy;  but  in  refilling  it  great  cara 
was  reqnired  to  introduce  precisely  the  same  qoanti^.  To  accomplish 
this,  boiii  the  vessel  and  receiver  were  closed  on  all  sides  and  connected 
together,  so  that  when  the  proper  quantity  of  fluid  was  once  introduced, 
it  could  neither  escape  by  leakage  or  evaporation.  Both  vessels  were 
shaped  ItJee  a  pear  and  mited  at  i^  ttnajltr  endt,  through  which  die  passage 
for  the  fluid  was  made ;  and  sometimes  sand  was  used  instead  of  water. 
Hence  the  honr-glasa  of  modern  days,  the  only  modification  of  asoient 
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clepaydm  which  ntodem  nationB  continue  to  use.     Nieuhoff  obserrea  of 
Cbiome  water«lockj,  "  they  bear  a  reB^nblance  to  aome  great  hour- 

g'.UBea  in  shap«  ;"  and  he  saya,  in  several  sand  waa  used  inaiead  of  water. 
□  an  ancient  bas-retief  at  BLome,  representing  the  marriage  of  Thetis  and 
PeleuB,  Morpheus  holds  an  kow-glau  ;  and  from  AthenceuB  we  leani  that 
the  ancients  carried  partable  ones  about  with  them  somewhat  as  we  do 
watches. 

In  BDOther  variety  of  clepaydree,  the  sides  of  the  vessel  from  which  the 
fluid  escaped  were  graduated,  somewhat  like  chemists'  measuring  glasses, 
and  the  hours  announced  as  the  descending  surface  of  the  fluid  reached 
the  marks.  If  the  vessel  waa  of  a  cylindrical  or  culncal  figure  the  distance 
between  the  marks  waa  not  uniform,  because  the  water  escaped  fastest  at 
first,  in  consequence  of  the  greater  pressure  of  the  column  over  the  orifice, 
which  pressure  constantly  diminished  with  the  elHux ;  the  surface  of  the 
fluid  could  not  therefore  descend  through  equal  spaces  in  equal  times. 
When  such  farmed  vessels  were  used,  the  relative  distances  ofthe  marlu 
vrere  probably  determined  by  experiment,  although  they  might  have  been 
by  calculation.  Sometimes  the  vessels  were  funnel-shaped,  the  angle  of 
their  sides  being  so  adjusted  that  an  equal  distance  could  be  preserved 
between  the  marks — unequal  quantities  of  the  fluid  escaping  in  equal 
times.  These  instrameDta  were  generally  made  of  glass,  and  a  cork  or 
some  floating  image,  to  which  a  needle  was  secured,  pointed  out  the  hour 
u  the  water  sunk,  Pancirollus  says,  the  small  holes  were  edged  widt 
gold. 

In  some  clepsydras  the  fluid  was  received  into  a  separate  vessel  to  rai»e- 
a  floating  image  that  pointed  as  an  index  to  the  hours.  Sometimes  a  boy 
with  a  rod,  Ttme  with  his  scythe,  and  Death  with  a  dart.  In  this  variety 
ofthe  instrument,  it  wbj  desirable  that  the  quantity  of  fluid  discharged  into- 
the  vessel  should  be  uniform  at  all  times  ;  and  to  effect  this,  the  floating 
siphon.  No.  239,  was  Hometimes  nsed.  Such  we  presume  was  the  clepsydra 
of  Orontes,  which  waa  made  "  in  the  farm  of  a  small  ship  floating  on  the 
water,  and  which  emptied  itself  by  means  of  a  siphon  placed  in  the  middle- 
of  iL"  Dr.  Harris,  not  aware  of  the  property  of  k  floating  siphon,  could 
not  perceive  how  the  hours  were  made  equal  by  this  contrivance,  which,, 
he  observes,  Orontes  devised  to  remedy  the  itneqmd  fiote  of  water  from- 
.  an  open  vessel. — (Lex.  Tech.) 

Nieuhoff  noticing  the  numerous  towns  in  China,  upon  the  greater  part 
of  which,  he  observes,  were  clepsydrse,  says,  "  upon  the  clock-house  tur- 
rets stands  an  instrument  which  shows  the  hour  of  the  day  by  means  of 
water,  which  running  from  one  vessel  into  another  raun  a  board,  upon 
which  is  porbayed  a  mark  for  the  lime  of  day  ;  and  you  are  to  observe,, 
there  is  always  a  person  to  notice  the  time,  who  every  hour  signifies  the- 
same  to  the  people  by  beating  upon  a  drum,  and  hanging  out  a  hoard  with 
the  hour  writ  upon  it  in  large  letters."  (Ogilby,  Trans.  196.)  Montanus. 
says  these  letters  were  "  a  foot  and  a  half  long."  See  also  Purchas'Pil- 
gnmage,  499. 


the  hours  were  marked ;  hence  our  clock  and  watch  dials,  "  The  ChinesB- 
have  other  instruments  to  know  the  hour  of  the  day,  being  somewhat  like- 
our  clocks  with  wheels,  and  they  are  made  to  tnm  with  lamd  as  milt-- 
wheels  are  with  water."  (Nieuhofl*.)  At  last  solid  weights  were  intro- 
duced  in  place  of  water,  and  by  means  of  cords  gave  mooon  to  the  index,, 
ud  ihas  opened  ths  way  still  more  fi>r  the  introdncdon  of  modern  clocks. 
It  would  appear  from  the  description  of  clepsydrte  by  Vitruviu*  ud' 
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other  writers,  thw  tKe  ancients  bad  cwried  these  macluDei  to  very  great 
perfection  \  and  as  regards  ornament,  they  probably  excelled  many  of 
our  mantel  time  pieces.  Tbey  were  even  combined  with  music.  Thus 
Plato  had  one  tli^  daring  the  night,  when  the  index  of  the  dial  could  not 
be  seen,  announced  the  time  by  playing  upon  flutes.  AtheoKus  also  cob- 
(tructed  one  that  indicated  the  hours  Dy  sounds,  produced  by  the  eom- 

g-easion  and  expulsion  of  air  by  water — the  same  principle  as  Plato's, 
etrarch  in  enumerating  the  spoils  of  A^ia  which  Pompey  exhibited  at 
his  third  triumph,  besides  cups,  chests  and  beds  of  gold,  a  mountain  of  iW 
same  metal,  with  statues  otharts,  lions  and  other  beasts;  trees,  and  all 
kinds  of  fruits  formed  of  pearls  suspended  from  golden  branchec,  (t*. 
continues,  "Of  the  same  substance,  there  was  a  doeke,  so  cunningly 
wrought  that  the  woorkmanshyp  excelled  the  stufle,  and  which  contt- 
nually  moved  and  turned,  about— a  right  woonderfuU  and  strange  sight." 
— ("Pbisicke  agunst  Fortune,"  translated  by  T.  Twyne.  Lond.  1579, 
F.  120.) 

The  want  of  uniformity  in  the  going  of  ancient  water-clocks  was  noticed 
bv  Seneca,  and  compared  to  the  diSerences  of  opinions  entertained  by 
philosophers  ;  and  Charles  V.  aAsr  shedding  rivers  of  blood  to  make  men 
believe  the  dogmas  he  wished  to  impose,  amused  himself  in  his  redre- 
ment  in  the  construction  of  watches,  and  was  surprised  that  he  could  nst 
make  two  go  alike. 

No.  273  represents  one  of  the  improved  elepsydrte  of  Ctesibius,*  from 
Perrault's  Translation  of  Vitruvius.*  It  presents  several  interesting  par- 
tJculars  relating  to  the  state  of  the  useful  arts  upwards  of  twenty  centuries 
ago,  and  is  better  calculated  to  impart  information  to  mechanics  respect- 
ing the  ingenuity,  and  even  the  workshops  and  tools,  of  their  ancient 
brethren,  Uian  reams  of  letter-press.  Besides  carving,  turning,  found- 
ing, &c.  hx,. — it  shows  the  practical  application  of  water  to  move  over- 
shot wheels — the  art  of  transmitting  motion  and  of  changing  its  direcdon 
by  toothed  wheels — it  exhibits  the  same  principle  of  measuring  time  aa 
practised  by  our  clock  and  watch-makers,  viz.  by  proportioning  the  num- 
ber of  teeth  on  wheels  to  those  on  the  pinions  between  which  ihey  work. 
The  application  of  the  siphon  is  also  interesting,  being  the  same  as  is  used 
>to  illustrate  the  action  of  intermitting  springs.  Upon  this  instrument  the 
renewal  of  the  diurnal  movements  of  the  machinery  depended :  its  effect 
being  similar  to  that  of  windine  up  an  ordinary  clodc. 

This  clepsydra  consisted  ofa  cylindrical  column  placed  on  a  squar* 

Edeatal,  within  which  the  mechanism  was  concealed.  The  hours  for 
th  day  and  night  were  marked  upon  the  column ;  their  ine<)aality  at 
different  seasons  being  measured  by  unequal  distances  between  the  curved 
lines  and  by  the  revolution  of  the  column  round  its  axis  once  a  year.  On 
-the  pedestu  are  seen  the  figures  of  two  boys,  one  of  which  was  immove- 
-able,  but  the  other  rose  ana  pointed  out  the  difierent  hours  with  his  wand. 
Water  (supplied  from  some  reservoir  by  a  concealed  pipe)  Gondnually 
dropped  from  the  eyes  of  the  figure  on  the  left,  and  falling  into  a  disb 
was  conveyed,  by  a  horizontal  channel,  under  the  feet  of  the  other  figure, 
where  it  trickled  into  a  deep  vessel,  or  targe  vertical  tube,  whose  lower 
'«nd  was  closed.  In  this  tube  a  float  was  made  to  rise  and  fall  with  th» 
water,  and  being  attached  to  the  feet  of  the  figure  with  the  wand  caused 
it  to  rise  also,  and  thus  to  indicate  the  lapse  of  time.     At  the  and  of  24 

•  "niere  mi  anolhar  tneieni  philoaopher  of  the  lanifl  name,  ClMibioi  of  ChaloiL 
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boun  the  tube  would  be  filled,  and  the  figure  near  the  top  of  the  column. 
It  wu  then  thu  the  siphon  came  into  play.  Ita  short  leg,  as  represented 
in  the  cut,  was  connected  to  the  lower  part 
of  the  tube  that  contained  the  float,  ana  its 
bend  reached  as  high  as  the  upper  end  of 
the  tube.  When  the  latter  therefore  was 
full  the  siphon  would  be  charged,  and  the 
contents  of  the  tube  discharged  by  it  into 
one  of  the  buckets  of  the  wheel.  The  figure 
with  the  wand  would  then  descend,  having 
nothing  to  support  it.  The  wheel  having 
six  buckets  only,  performed  a  revolution  in 
six  days.  To  its  axis  was  secured  a  pinion  of 
six  teeth  that  worked  into  a  wheel  with  sixty, 
and  on  the  shaft  of  this  wheel  a  pinion  of 
ten  teeth  drove  a  wheel  of  sixty-one  teeth, 
which  last  wheel  by  its  axis  turned  the 
column  round  once  in  36S  days. 

As  the  accuracy  of  such  a  clock  depended 

upon  the  size  of  the  onlices  in  the  weeping 

figure,  whence   the   water  escaped,   to  pre- 

f  vent  their  enlargement  by  the  friction  of  the 

liquid,  ClesibiuB  bushed  them  with  jewels. 

About  the  year  807,  the  Caliph  Haroun 
sent  some  valuable  presents  to  Charlemagne, 
and  among  Ihem  a  water-clock,  which  struck 
the  hours  by  means  of  twelve  little  brass 
balls  falling  on  a  bell  of  the  same  metal. 
There  were  alto  twelve  figures  of  soldiers, 
which  at  the  end  of  each  hour  opened  and 
shut  doors  according  to  the  number  of  the 
hour. — (Martigny'a  Hist.  Arabians,  iii.  93.) 

There  is  avery  simple  clepsydrainKircher'a 
MunduB  SubterraneuB,  torn,  i,  157.  M.  Amon- 
tons  devised  another.  Mdm.  Acad.  Science, 
A.  0. 1693,  p.51.  See  also  Phil.Trara.  vol.  xlv, 
p.  171,  and  Fludd's  Simie.  Decaushas  given 
~  a  clepsydra  in  the  fifth  plate  of  his  Forcible 
Ko.*».   Ckp.,d«hrC.«W-.      Movements.     A  water  pendulum  is  figured 

in  Uzanam  s  Kecreations,  p.  3SS. 
Hour-glasses  were  formerly  placed  in  coffins  and  buried  with  the  corpse, 
probably  as  symbols  of  mortality — the  sands  of  life  having  run  out.  See 
Oent.  Mag.  vol.  xvi,  646,  and  xvii,  264.  Lamps  found  in  ancient  sepul- 
chres were  possibly  interred  with  the  same  view — to  indicate  the  lamp 
of  life  having  become  extinguished. 

Oarcilasso  mentions  a  diu  by  which  the  Peruvians  ascertained  the  time 
when  the  sun  eniered  the  equinox :  whether  these  people  or  the  Mexicans 
had  water-clocks  we  have  not  been  able  to  ascertain. 

Hydraidic  Organ*  do  not  appear  to  be  of  so  high  antiquity  as  clepsydras, 
but  their  origin  is  equally  nncertain.  Perhaps  they  were  derived  from 
musical  water-clocks. 

The  first  organs  were  probabljr  nolbing  more  than  simple  comhinauona 
of  flutes,  pipes,  and  other  primitive  wind  instruments.  What  the  cir- 
cumstances were  that  led  to  the  idea  of  uniting  a  number  of  these,  and 
■npplying  them  with  wind  from  bellows  instead  of  the  mouth  can  hardly  be 


.,glc 


fi4S  Variay  of  Wala^Orgaiu.  {Book  V. 

conjectured.  The  firat  step  wu  probably  bog-pipes,  and  the  second  the 
addition  of  keys  or  valves.  In  process  of  Qme,  the  instruments,  instead 
of  being  made  of  reeds  or  other  natural  tubes,  were  formed  of  metal ;  utd 
their  number,  variety,  aud  dimensions  increased  until  organs  became  the 
moat  pon^erful  and  harmonious,  and  consequently  the  most  esteemed  of 
all  musical  machines.  The  organs  mentioned  in  tne  Bible  were  probably 
portable  ones,  similar  to  the  modern  regal.  The  ancients  divided  them 
into  two  classes— ^nitfMnuKte  and  hydraviie,  or  wind  and  water  omus. 
The  difference  consisted  merely  in  the  modes  of  supplying  the  win£— in 
one  it  was  by  means  of  water,  while  in  the  other  bellows  were  woiked 
hy  men. 

Water  was  employed  in  various  ways  in  ancient  hydraulic  organs. 

1.  By  falling  through  a  pipe,  it  carried  down  air  into  a  reservoir,  as  in 
the  trombe  or  shower  bellows,  (No.  198.)  Here  it  not  only  flimidied 
the  air  but  forced  it  through  the  pipes.  According  lo  Kircher,  it  was  then 
discharged  on  a  wheel,  and  eave  motion  to  drums  on  whose  peripheries 
were  projecting  pins,  which  depressed  the  keys  of  the  instrument,  as  in  the 
modem  barrel  organ. 

2.  It  was  discharged  upon  an  overshot  wheel,  and  t^  cranks  and  levers 
merely  worked  common  fellows.  This  may  seem  stnnge  to  some  readers, 
but  it  must  be  remembered  that  these  instruments  were  often  of  enormous 
dimensions.  Even  so  rude  a  people  as  the  Anglo-Saxons,  bad  organs 
that  required  "  seventy  strong  men"  to  work  the  bellows, 

3.  Sometimes  water  was  only  used  in  an  open  tank  or  cistern,  into 
which  a  smaller  one  constituting  the  air-chamber  was  inverted.  The  air 
was  then  forced  by  ordinary  or  piston  beUows  into  the  latter,  and  dis- 
placing the  water  caused  it  to  rise  in  the  outer  vessel,  where  itsconatani 
pressure  urged  the  air  through  the  organ. — See  No.  110,  and  p.  245. 

4.  The  vapor  of  boiling  water  or  steam  was  also  used,  and  which  of 
course  supplied  the  place  of  both  wind  and  bellows.  The  extent  to  which 
steam  was  used  is  unknown.  It  was  probably  conGned  chiefly  to  the 
temples. 

The  details  of  the  mechanism  of  ancient  organs  that  have  come  down 
are  very  imperfect.  Their  description  by  Vitruvina  and  Heron  is  obscure, 
uid  in  some  parts  unintelligible ;  and  they  admit  that  tlie  construction  was 
too  complex  to  be  easily  comprehended  except  by  thoae  familiar  iridi 
them. 

The  eailiest  distinct  notice  on  record  of  any  thing  like  a  waterorgan, 
is  the  musical  clepsydra  of  Plato.  There  is  no  reason  to  suppose  it  waa 
invented  by  him,  but  rather  the  contrary,  for  be  contemned  all  mechani- 
cal speculations.  He  probably  met  with  it  in  Egypt,  and  having  intro- 
duced it  to  his  countrymen,  was  (as  usual  with  them)  considered  its  author. 

Tertnllian,  in  a  Treatise  ou  the  Soul,  speaks  of  an  organ  invented  by 
Archimedes,  but  of  its  construction  little  is  known. 

From  Vitruvius'  account  of  hydraulic  organs,  and  from  the  last  two 
Problems  in  Heron's  Spiritalia,  we  learn  that  they  were  very  elaborate 
machines.  Decaus  has  amplified  some  of  Heron's  devices  for  producing 
musio  by  water. 

Plutarch  in  comparing  Cato  and  Fhocion,  after  obserrinff  dist  dieir 
■ererlty  of  manners  was  equally  tempered  with  hamaniiy,  and  their  valor 
with  caution  ;  that  they  had  the  same  solicitude  for  others,  and  the  Same 
dbregard  for  themselves  ;  the  same  abhorrence  of  every  thing  base  and 
dishonorable,  &c.  observes,  that  to  mark  the  difibrefaee  in  ibeir  ^arae- 
ters  would  require  &  ven  delicate  expression,  like  'Aejatdy  ducrintviated 
toimdt  of  tAe  argq».     This  is  supposed  by  Langhorue  to  lui«  beba  a 
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water-ornn.  The  elder  Pliny  ra&rfe  to  them  in  book  ix,  cap.  S.  Speak- 
ing of  dolphins,  he  observes,  uiey  are  fond  of  music,  especially  "  the  sound 
orthe  waier  iiutnimeiU,  or  sut^  kind  of  pipes."  We  noticed,  page  245, 
a  representation  of  an  hydraulic  organ  on  a  medal  of  Velencinian.  The 
silver  Triton,  mentioned  in  the  chapter  on  Fountains,  that  by  machinery 
was  made  to  rise  out  of  the  lake  ana  sound  a  trumpet,  may  be  coneiderea 
a.  modification  of  these  instrumenta,  and  ao  may  the  whistling  clock  of 
Athenteus  mentionnd  in  the  \an  one. 

Suetooiua,  in  his  Life  of  Nero,  meations  an  hydrwulic  organ  which  that 
emperor  took  particular  pleasure  in.  It  mnst  have  been  a  magnificent 
affair,  linca  even  Nero  deemed  it  of  sufficient  importance  to  iorm  the 
principal  object  vowed  by  him,  when  the  empire  was  in  danger  from  the 
rebellion  of  Vindex.  Inviting  some  of  the  chief  Romans  to  a  consultadon 
on  public  affairs,  "  he  entertained  them  the  rest  of  the  day  with  an  organ 
of  a  new  kind,  and  showing  them  the  several  parts  of  the  invention,  and 
discoursing  about  the  nature  and  difficulty  of  the  instrument,  he  told  dmn 
he  designed  to  introduce  it  upon  the  theatre,  if  Vindex  would  permit  him." 
In  this  paasage  Suetonius  does  not  state  that  the  machine  was  a  uuter- 
organ ;  but  in  a  aubsetjnent  one  he  observes, — "  Towards  the  close  of 
Nero's  life,  he  publicly  vowed  that  if  the  empire  was  secured  to  him  (by 
overcoming  the  rebels)  he  would  bring  out  at  the  games,  for  his  obtaining 
tbe  victory,  a  mater-organ,  a  chorus  of  Sutes  and  bag-pipes,"  kc. 

The  author  of  a  letter,  attributed  to  St.  Jerome,  speaks  of  a  large  organ  at 
Jerusalem,  the  sounds  of  which  could  be  heard  at  the  distance  of  a  thousand 
paces,  or  to  the  Mount  of  Olives.  It  consisted  of  two  elephant  skins,  or 
rather  perhaps  resembled  two  of  those  animals.  There  were  twelve  large 
bellows  and  fifteen  brass  pipes.  The  two  animals  were  said  to  represent 
the  Old  and  New  Testsjnenta — the  pipes  the  patriarchs  and  prophets,  and 
the  bellows  the  twelve  apostles.  The  particulars  of  its  construction  are 
not  known. 

Organs  were  used  more  or  less  throughout  the  dark  ages,  during  which 
■ever«l  were  brought  into  £urope  from  the  East. 

In  757,  the  Greek  emperor.  Constontine  sent  two  organs  to  Fepin,  king 
of  France.  Mezeray  says,  they  were  the  first  seen  in  that  country. 
Another  was  sent  from  Constantinople  to  Charlemagne  in  S12  \  but  nothinff 
ia  known  of  their  wnstruction,  exc^t  that  the  last  imitated  the  sounds  of 
thunder,  the  lyre  and  cymbal. 

In  the  ninth  centuiy,  Louis.  Debonnaire  had  a  water-organ  made  for  his 
palace  at  Aix-la^hapelle,  by  a  Venetian  priest  named  George.  Another 
organ,  in  which  water  is  supposed  not  to  have  been  employed,  he  erected 
in  one  of  the  churches  of  that  city,  and  its  sounds  are  said  to  luve  been  so 
nvishing,  that  a  woman  died  in  ecstacy  under  their  influence.— {See  Pre- 
face to  L'Art  du  Facteur  D'Orgues ;  Arts  et  Metidres,  folio  edit  1778.) 

At  page  401,  we  mentioned  an  organ  made  by  Oerbert,  in  which  steam 
was  employed  instead  of  air. 

We  find,  «aya  Fosbroke,  oi^^s  with  pipes  of  box-wood,  of  gold,  and 
OigMis  of  aUbaster  and  glass ;  and  some  played  on  with  warm  water. 
Brass  pipes  and  bellows  are  mentioned  by  WilUam  of  Malmsbury.  "  The 
monks  ot  Italy,  of  th«  orders  devoted  to  manual  labor,  applied  themselves 
to  the  fabncatian  of  organs  ;  and  in  the  tenth  century,  a  maker  was  sent 
into  France,  whence  they  insensibly  spread  over  all  the  western  churches," 

Of  modem  hydraulic  organs  it  is  unnecessaiyto  enlarge.  Several  have 
been  noticed  in  the  chapter  on  Fonntaios.  They  have  become  nearly 
extinct.  See  Kircher's  Husurgia  Universalis,  Sudd's  Simla,  Decaus* 
Forcible  Movements;  Misson,  Blvnville,  Breval,  and  Keysler's  Travels. 
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The  old  Regal,  b.  dimioaiive  species  of  organ,  still  naed  in  tome  ports 
of  Europe,  was  Bometimes  acted  on  by  water  ;  at  leaat  so  it  would  seem 
front  »  remark,  nf  Lord  Bacon  in  his  Si/lr'a.  Speakinff  of  masic,  he  par- 
ticularizes  the  tones  from  the  percussion  of  mtUUt,  as  in  bells — of  air,  as 
in  the  voice  while  singing,  in  whistles,  organs,  and  stringed  instraments — 
"  and  of  xnaUr,  as  in  the  nightingale  pipes  oi  regalU,  or  organi,  and  other 
hydraulics,  which  the  ancients  had,  and  Nero  did  so  mucn  esteeme,  bat 
are  now  lost." — Cent  ii,  lOS. 
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A  FEW  subordinate  inrencions,  but  such  a«  are  of  some  importance  in 
practical  hydraulics  have  beeo  reserved  ibr  this  chapter,  viz  :  sheet  lead, 
pipes,  valves  and  cocks,  water-closets  and  traps. 

Lead  was  probably  worked  before  any  other  metal.  Its  ores  abound 
in  most  countrLes,  and  frequently  reach  to  the  sur&ce  ;  they  are  easily 
reduced ;  the  metal  fuses  at  a  low  temperature  ;  it  is  sofl  and  exceedinglT 
plastic.  Lead  is  mentioned  as  common  at  the  time  of  the  Exodus.  It 
was  among  the  spoils  taken  by  the  Israelites  from  the  Midianites,  aitd 
articles  made  of  it  were  ordered  to  b«  melted  up.  The  Fbeniciana  ex- 
ported tin  and  lead  from  Britain.  Both  are  enumerated  in  the  graphic 
account  of  the  commerce  of  Tyre,  in  the  27tli  chapter  of  Ezekiel.  The 
Komans  worked  lead  mines  in  France,  Spain  and  Britain ;  Pliny  says, 
those  in  the  former  countries  were  deep  and  the  metal  procured  with 
diiBculty ;  but  in  Britain  it  was  abundant,  and  "  runneth  ebb  in  the  opper- 
most  coat  of  the  ground."  Several  Roman  mining  tools  and  pigs  of  lead 
have  been  found  in  England.  In  1741,  two  pigs  were  dug  np  in  Yorii- 
ahire.  Their  form  was  simitar  to  that  in  which  the  Missouri  lead  is  cast, 
but  more  than  twice  the  weight.  Each  weighed  150  lb.  and  was  inacHbed 
in  raised  letters  with  the  name  of  the  reigning  emperor,  Domidan.^-(Pbil. 
Tr«ns.  Abrid.  ix,  430.) 

The  uses  to  which  lead  was  put  by  the  ancients  were  much  the  ean^9  t» 
at  present.  The  fishermen  of  Egypt  sunk  tlieir  nets  with  it  jurt  as  oun 
do.  A  portion  of  a  net  with  "  sinkers"  attached  is  preserved  in  the  Berlin 
Museum.  Leaden  statues  are  ancient.  There  was  one  of  Mamurius  at 
Rome.  They  probably  preceded  those  of  bronte,  and  perhaps  formed 
part  of  the  spoil  of  the  Midianites  mentioned  above.  The  Romans  had 
leaden  coffins ;  a  device  adopted  more  or  less  in  all  ages.     DoaUa  le&d«& 
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coffins  (obaervet  Foabroke)  occur  in  die  Anglo-Saxon  era,  not  made  of 
plain  lekd,  but  folded  in  a  very  curious  utd  handBome  manner.  For  the 
mode  of  making  coffins  and  tbeir  singular  forms,  consult  L'Art  da  Flom- 
bier.  Arts  et  MSiieree,  tome  xiit,  a  Neuchatel,  1761.* 

The  art  of  casting  lead  into  sheets  on  beds  of  sand,  as  now  practised  by 

E lumbers,  is  of  immense  antiquity.  The  terraoes  of  Nebucbadnezzar's 
an^ng  gardens  wer«  covered  with  sheets  of  lead  soldered  together,  to 
retain  moisture  in  the  soil.  The  composition  of  ancient  solder  for  lead, 
we  know  from  Pliny,  was  the  same  as  ours.  It  is  uncertain  whether  the 
art  of  uniting  lead  by  "  burning."  that  is,  by  fusing  two  edges  together 
(without  solder)  was  known.  Pliny  says,  "  two  pieeea  of  lead  cannot 
possibly  be  solderad  without  tin  glass."  Either  uierefore  the  ancienta 
had  not  the  art  of  "burning"  pieces  of  lead  together,  or  Pliny  was  not 
aware  of  it 

Tablet*  of  lead  were  anciently  used  to  write  on.  Job  alludes  to  them. 
Books  composed  of  leaden  leaves  are  figured  by  Hontfaucon.  To  suoh 
tablets,  we  prasume,  Pliny  refers,  when  he  speaks  of  lead  "  driven  with 
the  hammer  into  thin  plates  and  leaves." — (Nat.  HisI;  xxxiv,  17.) 

The  employment  of  sheet  lead  as  a  covering  for  roofs  ascends  to  the 
earliest  ages  in  the  East  It  is  still  extensively  used  there,  Tavemier, 
in  speaking  of  the  mooques  at  Aleppo,  says  Uieir  domes  were  covered 
with  lead,  and  bo  was  the  roof  of  the  great  hall  of  the  Divan  at  Constanti- 
Rople.  He  mentions  an  inn  or  caravansary,  the  roof  of  which  was  covered 
with  the  same  metal.  Henry  Blount,  who  traveled  in  £gypt  and  Turkey 
in  1631,  found  the  roofs  of  the  mosques  and  seraglios  at  Adrionople  covered 
with  lead-  Count  Caylus  mentions  ancient  sheet  lead  half  a  line  thick 
taken  from  the  inner  clome  of  the  Pantheon.  Gregory  of  Tours  describes 
an  old  temple  of  the  Gauls,  which  was  extant  in  the  time  of  the  Emperor 
Valerian,  and  had  a  leaden  roof  (Montfauc.  Supp.)  Paulinus  built  a 
chupch  at  Catnrick,  £ng.  which  was  burnt  by  the  Pagans  ;  he  built  another 
of  wood,  which  was  the  mother  church  of  British  Christianity,  "  and  en- 
elosed  the  whole  building  with  a  covering  of  lead."  The  churches  and 
oastles  of  Europe  in  the  middle  ages  were  almost  uniformly  covered  witli 
this  metal  In  a  statute  passed  in  the  fourth  year  of  Edward  1.  of  £ng< 
land,  (A.  D.  1S76,)  to  ascertain  the  value  of.real  estate,  commissioners 
ware  appointed  to  visit  "  castles,  and  also  other  buildings  compassed  about 
with  ditches  [to  determine]  what  the  walls,  building*,  timber,  stone,  lead, 
and  other  maDner  of  covenng  is  worth." — (Statutes  at  large.) 

Leaden  seals  on  woolen  cloth  were  used  in  Henry  IV. 's  reien. 

It  is  uncertain  whether  the  ancients  were  acquunted  with  tae  process 
of  forming  lead  into  sheets  by  passing  it  between  rollers.  If  they  wet«, 
the  art,  like  many  others,  became  lost,  and  was  not  revived  tiD  the  17th 
century,  A  close  examination  of  specimens  of  ancient  sheet  lead  might 
determine  the  quesdon. 

Rolling  or  "  milling"  of  lead  was  invented  by  Mr.  Thos.  Hale,  in  1670, 
abont  which  time  the  first  mill  was  erected  at  Deptford.  The  inventor 
met  with  violent  opposition  from  shipwrights,  because  the  lead,  from  its 
smooth  snrfiMe,  unifomu^  of  thickness,  and  low  price,  began  to  be  gene- 
rally  adopted  for  sheathing  vessek,  in  place  of  the  old  wooden  and  leather 
sheathing.     And  as  it  was  used  also  for  gutters  and  roofa  of  houaes,  "  the 

'  About  tueatf  faan  ago  iraD  eoffiai  wen  aKrodneed  in  Englaad  and  saeartd  bj 
patant;  bni  (hej  ware  not  than  bj  aav  mesni  a  new  (binaoadsrlhsinn:  rorthaPaiw 
B»BiorindlarorH^M  buried  Iheirdead  in  iham.  "  Cei  id^alras  sdorsnt  la  Tbd  eamma 
one  divinilf ,  cooiiderant  le  boia  oonmiB  m  viands  ;  d'od  il  vieni  qa'il*  ns  mettsnl  pu 
1taia«MRidaiw  lea  eemoaiia  da  bsis,  nais  d*^.''--<C.  Antiqaaira,  iii.  S46.) 
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plumben  were  as  induatrioui  u  die  aUpwrights  to  decry  die  lead;"  but 
finding  theif  oppoBitian  in  ct  great  neunre  friiitleH,  "  •ome  of  them  now 
began  to  erv  it  up,  and  h»ve  tat  np  eogines  to  mill  it  dieaMelTea."— 
(Collier'*  Diet.  Art.  Enffland.) 

A  paper  in  the  Phil,  rraoaacdons,  1674,  erroneonily  attribntee  the  in- 
vention to  Sir  Philip  Howard  and  Major  Wataon.  Tbeee  gendetaen  wera 
asMciated  with  Hale  in  the  patent,  uid  merely  eontributsd  tbeir  iii> 
fluence  to  iutroduce  the  oew  manoEutare,  eapectally  to  sheathe  the  pub- 
lic ships.  (Abrid.  i,  S96.)  The  large  Aip  buih  by  Archimedes  wb> 
sheathed  with  lead. 

PiPB§  for  the  conveyuice  of  water  have  been  made  of  ewthenware, 
■tone,  wood  and  leather,  but  more  ^nernlly  of  teed  and  copper.  Ltadm 
fiptt  extend  bock  to  the  dawn  of  hiatory.  Tbey  were  more  or  Icm  eom- 
moD  in  all  the  celebrated  nations  of  old.  In  the  old  uties  of  Aua,  Egypt, 
Greece,  Syria,  &c.  they  were  employed  to  conv^  water  -wherever  the 
pressure  vna  too  great  to  be  suatained  by  those  of  earthenware.  The 
•ame  practice  it  tiull  followed :  thua  in  Aleppo,  both  leaden  ptpea,  and 
thoae  of  stoneware  are  nted,  and  in  all  probabiti^  jvat  a*  they  were  when 
this  city  wu  known  to  the  Greeks  u  Bercea,  and  to  the  Jews  in  David'a 
time  aa  Zobah.  Archimedes  used  ppea  of  lead,  to  distribute  water 
by  enffines  in  the  large  thip  built  for  Hiero ;  and  the  nune  kind  were 
doubt^ss  employed  in  conveying  water  to  die  different  temcea  of  the 
&niDus  gardens  of  Babylon.  The  great  elevation  to  whi^  the  fiuid  was 
nuaed  would  render  earthenware  or  wooden  pipes  entirely  inapplicable. 

We  have  no  information  respecdng  the  mode  of  making  leaden  pipee 
previous  to  die  Roman  era ;  bat  as  that  people  adopted  the  arts  and  cua- 
tomt  of  older  nations,  we  may  be  assured  that  their  tubes,  aa  well  as  di«r 
pumps  and  other  engines,  were  mere  copies  of  those  made  by  the  ptnmbera 
of  ^bylon  and  Athens,  Egypt  asd  Tyre.  All  ancient  pipes  y&.  dia- 
coverea  are  said  to  have  been  made  from  sheet  lead  ;  via  :  strips  of  niffi- 
t  width  folded  into  tubal  and  the  edges  united  by  tolder.  We  leani 
"■        ■       ■       "  •      •  "^  ^o  (•         ... 


from  Vltruvius  that  Roman  plumbers  generally  made  them  in  ten  feet 
lengths,  the  thicknett  of  the  metal  being  proportioned  to  their  bore,  accord- 
ing to  a  rule  which  he  gives  in  book  viii,  cap.  7.  of  bit  Architectwe. 
Large  cjuuitidet  of  Roman  leaden  pipes  have  been  found  in  difierent  parte 
of  Europe,  varying  in  their  bore  from  one  to  twelve  inchea.  Some  of 
them  are  very  irregularly  formed,  tbeir  section  being  rather  egg^haped 
than  circular.  Montfaucon  has  engraved  several  specimens.  On  large  onea 
belonging  to  the  pubbo,  the  name  of  the  consul  under  whom  tbey  were 
laid  waa  cast  upon  them.  Othera  that  supplied  the  baths  of  wealthy  indi- 
viduals have  the  owners'  names ;  and  tomedmes  the  maker's  name  was 
oBsl  on  them.  Of  small  leaden  pipes,  Frondnua  mendon*  13,fi94  of  one 
inch  bore  that  drew  water  from  one  of  the  aquadaots.  Pompeii  was  but 
a  small  provincial  town,  of  which  not  more  than  one-third  has  been  ex- 
plored,  and  yet  a  great  many  tons  of  |Hpes  have  been  found.  The  oon- 
■umpdon  of  lead  for  pipes  must  have  been  enormous  in  old  Rome,  not 
only  from  their  great  number,  but  on  account  of  the  large  dimenaiMM  of 
the  principal  onea.  Pliny  might  well  observe,  "  Lead  ia  much  used  widi 
na  for  sheets  to  make  conduit  pipes."— -{xxxrv,  cap.  17.) 

An  ordinance  of  Jusdnion  respeedng  a  bagnio  erected  at  Constandnopla 
by  one  of  the  dignitaries  of  the  empire  is  extant ;  "  Our  imperial  m^I  and 

Eleasure  it,  that  die  leadm  pipei  oonducdng  the  water  to  the  AehilleBD 
Bgnio,  oantrived  by  your  wisdom,  and  purchased  by  your  munificence, 
be  under  the  same  reguladons  and  management  as  have  been  appmoted 
in  the  like  oases ;  and  that  the  tud  pipes  shall  only  supply  aoch  *nig^itn 

■       .;-->-<sic 


tDoient  inhftbitoDta  of  tlw  iiltuid  Andos  ineeniontty  obniaed  Iruh 
om  the  bottoDi  of  the  m,  Tfae^  ninli  down  over  the  •pring  % 
11  of  lead,  to  the  upper  part  of  which  wu  attached  •  pipe  orieBtner 
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■nd  nympfana  m  i^oa  rixtll  think'  fit,"  ice.  Constantinople  has  for  agec 
been  snpplied  with  water  through  leaden  pipes.  The  Son-teraEi  or  water 
towera,  are  mere  centrivanoes  to  fedlitate  the  ascent  and  descent  of  the 
fluid  through  pipes. 

Leaden  pipa  have  been  sMntemiptedl^  employed  in  some  or  other  of 
European  ciues  since  the  ikU  of  the  empire.  In  the  middle  of  the  ninth 
eentnry  water  was  oonveyed  by  them  to  supply  Cordorra,  in  Spain,  under 
the  G^ph  Abdulrahman  II.  who  also  caused  that  city  to  be  paved.  Thia 
IB  the  oldest  pavement  on  record  in  modem  cities.  Bettjamm  of  TudeU, 
who  visited  Damascas  in  the  ISth  century,  says,  the  river  Pharpar  (see 
£  Kinev,  chap,  v,)  slideth  bv  and  wuerath  die  gardens  ;  "  but  Ab<ma  i> 
more  nmiliar  and  entereth  the  citje,  yea,  by  helpe  of  art  in  conduits  [pipes] 
visiteth  their  private  houses. "—{PiircfaBs'  Pilgrim.) 

The  ancient  inhabitants  of  tlw  island  Andos  ineeniouaty  obtained  iresh 
water  from  the  bottom  c  "  "  "" 

large  bell  o 
that  oonveved  the  fluid  to' the  surbce.-— (Pliny,  t,  31.) 

Some  01  the  Roman  earthenware  pipes  were  made  to  screw  into  each 
other.  Old  leaden  pipes  laid,  A.  D.  1236,  to  supply  London,  ara  men* 
tioned  at  page  S94.  Most  modern  pipes  of  large  boro  are  now  mads 
of  cast  iron.  The  Urgett  sises  now  laying  to  eujiply  this  eity,  ten  nine 
feet  in  lengUi,  three  feet  imamal  diameter,  and  weigh  from  3600  to  3800 
pounds. 

The  first  improvement  on  the  ancient  mode  of  making  leaden  pipes  wsa 
matured  in  England  in  1A39.  It  consisted  in  autiug  them  complete  in 
short  lengths,  in  molds  placed  ii^a  perpendienlar  posiaon.  After  a  number 
were  cast,  they  were  united  to  esicdi  other  in  a  separate  mold,  by  pouring 
hot  metal  over  the  ends  tmdl  they  run  together.  The  device  for  "  burn- 
ing" or  melting  the  ends  was  exceeding^  ingeiuous,  and  nicb  pipe*  are 
still  made  to  some  extent  io  Europe.  In  the  30th  year  of  Henry  VIII. 
(observes  Baker  in  his  Chronicle*  of  the  Kings  of  England,)  "  the  manner 
of  casting  [^>es  of  lead  for  conveyance  of  water  under  ground  without 
using  of  soder,  was  first  invented  by  Robert  Brocke,  clerk,  one  of  the 
king's  chaplains,  a  profitable  invention  ;  for  by  this,  two  men  and  a  boy 
will  do  more  in  one  day,  then  could  have  been  done  before  by  many  men 
hi  many  days.  Robert  Cooper,  goldsmith,  was  the  first  that  tnaoe  the 
instruments  and  pat  this  invention  in  practice." — {EdiL  of  1666,  p.  317.) 

Five  years  af^rwards,  Ralph  Hage  and  Peter  Bawde  tn^de  the  fint 
articles  otrtul  trettin  Engkno. — (Ibid.) 

In  tho  reign  of  Henry  IV.  t£  France,  a  native  of  St.  Germain,  devised 
another  mode  of  casting  pipes  and  burning  diem  together.  The  mold  wt« 
used  in  a  faorisontal  poaition,  and  the  metal  poured  in  at  one  end.  When 
a  pipe  was  east,  it  was  not  drawn  endrely  out  of  the  mold,  but  one  or  two 
inches  were  left  near  the  spout  where  dte  metal  entered,  so  that  when 
another  length  was  eaa^  the  hot  metal  running  over  die  end  of  the  pr^ 
vious  pipe  fused  it,  md  both  became  aa  one.  The  tube  was  dien  drawn 
nearly  out  and  anodier  one  east  and  united  to  it  in  like  manner,  and  so 
on  tilt  vty  required  length  waa  attainedv—^See  Planche,  vii.  L'Ak  dn 
Plomlner  in  Arts  et  Hdtieres.) 

Sometimes  pipes  formed  of  sheet  lead  have  their  seams  united  by 
"bumitig."  A  strip  of  pasteboard  is  packed  against  the  inside  of  the 
■earn,  and  the  tube  (if  sdmII)  filled  with  sand  ;  the  edges  ore  then  melted 
with  a  soldering  iron,  and  the  deflciency  made  up  with  a  bar  of  lead,  in 
the  same  way  as  when  a  bar  of  solder  is  used.  The  old  mode  of  burning 
Aue  seams  was  by  poming  hot  lead  upon  them,  and  genenlty  a  pKHee>' 
70 
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tion  of  meUl  wu  left  along  the  wmi.  The  uKient  pipes  figured  hj 
Hont&ucon  have  a  nmiUr  projeciioti. 

The  plan  of  drawing  leaden  pipes  throtigli  diet  like  hollow  wire  waa 
first  propoaed  by  M.  Daletme,  ia  the  Transactions  of  the  French  Academy 
or  Sciences,  in  1705.  It  was  subseqaently  brought  forward  by  M.  FajoUe 
in  1728;  but  it  was  not  till  1790  that  such  pipes  were  made.  In  that  year, 
Mr.  Wilkinson,  the  celebrated  English  iron  master,  took  out  a  patent  far 
drawing  them,  since  which  period  they  hare  become  general  in  England, 
France,  and  the  U.  States.-~-{See  Reper.  of  Arts,  1st  series,  vol.  xvi.) 

In  18S0,  a  singular  mode  of  making  leaden  pipes  was  patented  in  En^' 
land  by  Mr.  T.  Burr.  A  targe  and  very  Krone  cast  iron  cylinder,  in  wbich 
a  metallic  piston  i*  made  to  work,  is  secured- in  a  vertrnl  position.  To 
the  underside  of  the  piston  a  strong  iron  rod  is  fixed,  its  lower  end  being 
cut  into  a  screw  or  formed  into  a  rack  for  the  convenience  of  forcing  the 
piston  up,  eiOier  hy  means  of  a  steam  engine  or  any  other  suitable  first 
mover.  To  the  U|n)er  side  of  the  piston  ii  secured  a  polished  cylindrical 
rod,  ra^r  longer  than  the  cylinder,  and  of  the  same  diameter  as  the  bore 
of  Oie  pipe.  The  cylinder  fonos  a  mold  in  which  the  pipe  is  first  cast, 
and  thia  rod  ia  the  core.  The  bottom  of  the  cylinder  may  be  open  ;  but 
die  top  is  strongly  closed,  with  the  eicepdon  of  a  circular  and  polished 
mening  at  the  centre,  of  a  size  equal  to  the  external  diameter  of  Uie  pipe. 
Suppose  the  piston  now  drawn  down  to  near  the  bottom  of  the  cylinder, 
the  upper  ena  of  the  polished  rod  will  stand  a  little  above  the  circular 
opening,,  and  an  annular  space  will  be  left  between  them  equal  to  the 
required  thickness  of  the  tube.  The  cylinder  is  then  to  be  filled  with 
fiiaed  lead  through  an  opening  at  the  top,  (which  is  to  be  stopped  up  by 
a  screw-plug  or  any  other  device,)  and  as  soon  as  the  metal  begins  to 
assume  tne  solid  state,  the  piston  is  slowly  raised  ;  tliia  necessarily  forces 
the  lead  through  the  annular  space  in  the  form  of  a  tube,  which  is  them 
wound  OR  a  reel  as  fast  as  fbrmed. 

Various  cylinders  are  employed  according  to  the  different  sixed  tubes. 
For  half  inch  pipe,  one  18  inches  long,  six  or  seven  inches  internal  diame- 
ter, and  the  sides  three  or  four  inches  thick  would  be  required.  Plates 
with  openings  of  different  sixes  may  be  adapted  to  one  cylinder.  Tfaey 
may  be  made  to  slide  in  recesses  cast  in  the  top. 

This  mode  of  forming  leaden  tubes  is  the  same  in  pnnciple  as  that  by 
which  some  of  earthenware  have  been  made  :  the  clay  being  put  into  a 
souare  and  close  trunk,  is  forced  by  a  piston  througb  an  annular  space, 
adapted  to  the  thickness  and  bore  of  the  tubes  required.  At  6rst  sight 
ibe  process  appears  difficulL  It  also  seems  strange  that  ttiid  lead  can 
thus  be  squeeied  through  an  aperture  into  the  form  of  a  tube ;  but  it  should 
be  remembered  that  this  metal  ia  extremoty  soft  when  heated  to  near  the 
fusing  point ;  and  that  the  mode  only  differs  from  that  of  making  clay 
pipes  in  requiring  a  greater  force.  Tubes  made  in  this  w^  are  in  gener^ 
more  solid  than  others.  This  arises  from  the  large  body  of  metal  of  which 
they  are  formed  being  inured  while  very  hot  into  the  cylinder,  so  that 
Aere  is  little  danger  of  flaws  or  fissures.  These  pipes  may  also  be  made 
in  much  greater  ^ngths  than  by  any  other  plan.  A  manujactory  of  them 
haa  recently  been  established  in  Fhiladelpbia.— (See  Kepertory  of  Arts, 
for  18S0,  vol.  xli,  p.  367.) 

From  the  quanddes  of  pipes  used  of  old,  it  appears  singular  that  tlie 
aK  of  drawing  them  was  not  discovered,  especially  as  the  Tire-PUai  or 
glazier's  vise  lor  drawing  "  window  lead"  is  of  ancient  date — a  most  beau- 
tiful machine,  and  one  far  more  ingenious  and  interesting  than  the  draw- 
bench  ;  one  too  by  which  lead  is  worked  at  a  single  operation  into  veiy 
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difficult  forma,  and  such  u  require  the  metal  of  difierent  thickneu  in  the 
mme  piece.*— (See  L'Art  du  viirier,  pi.  v,  Arts  et  MStierei.) 

It  ha«  long  bieeti  knovrn  that  water  conveyed  through  leaden  pipes  be- 
comes more  or  less  impt«gnated  with  a  poisonous  solution  of  that  metal ; 
a  fact  of  which  the  ancients  were  fully  aware,  and  which  made  them  very 
scrupulous  in  Deing',it  for  purposes  of  domestic  economy.  Hippocrates 
and  Galen  denounced  its  employment  hoth  for  cisterns  to  contain,  and 
tubes  through  which  to  conduct  water.  Ancient  architects  were  of  the  same 
opinion  ;  thus  Vitruvius  observes,  that  water  drawn  from  leaden  tubes  ia 
very  pernicious,  and  adds,  "  we  should  not,  therefore,  conduct  water  in 
pipes  of  lead  if  we  would  have  it  wholesome."  The  Medical  Transactions 
of  modern  times,  and  works  on  mineral  poisons  abound  with  examples  of 
the  fatal  eBects  of  drinking  water  from  reservoirs  and  pipes  of  this  metal. 

Several  modes  have  been  devised  to  render  leaden  pipes  innoxious,  In 
1804,  an  English  patent  was  obtained  for  coating  their  interior  surfaces 
with  tin.  This  was  effected  in  the  following  manner  : — Suppose  a  work- 
man engaged  in  making  tubes  of  half  an  inch  bore ;  he  first  pours  lead  into 
an  iron  mold  and  forms  a  pipe  two  feet  long,  an  inch  thick,  and  nearly  an 
inch  in  the  bore :  as  soon  as  the  lead  poured  in  becomes  solid,  he  with- 
draws the  steel  mandnl  which  formed  the  interior  of  the  tube,  throws  in 
a  little  rosin  dust,  and  inserts  a  half  inch  mandril,  between  which  and  the 
inside  of  the  tube  a  certain  space  is  left.  Into  this  space  he  then  pours 
melted  tin,  which  as  it  collects  below,  causes  the  rosin  to  float  on  its  sur- 
face, as  it  rises  to  the  top,  and  lubricates  the  hot  sides  of  the  leaden  tube. 
Both  metals  thus  become  united,  and  when  the  tin  becomes  solid  the  man- 
dril is  taken  out ;  and  the  tube,  thus  plated  with  tin,  is  passed  to  the  draw- 
bench,  and  druwn  out  to  the  required  length  like  an  ordinary  leaden  tube. 
There  is  some  difficulty  in  making  the  tin  unite  uniformly  to  the  lead,  and 
when  this  does  not  take  place  the  pipes  are  apt  to  be  broken  in  drawing ; 
for  as  the  two  metals  do  not  stretch  equally,  the  thin  lining  of  tin  is  pulled 
apart ;  and  if  the  lead  does  not  separate  at  the  same  place,  its  surface  ia 
exposed,  and  the  strength  of  the  tube  greatly  diminished  at  such  places. — 
(Repertory  of  Arts,  2d  series,  voL  r.) 

In  1830  another  Enghsb  patent  was  issued  for  a  similar  plan,  the  dif- 
ference consisting  chiefly  in  a  mode  of  better  securing  the  union  of  the  tin 
with  the  lead. — Ibid.  vol.  xxxviii. 

In  1832,  the  author  of  this  volume  took  out  a  patent  for  coating  leaden 
pipes  with  tin,  by  passing  them,  af^r  being  drawn  and  otherwise  finished, 
through  a  bath  of  the  fluid  metal.  As  there  is  a  difference  in  the  fusing 
points  of  tin  and  lead  of  about  300°  Fahrenheit,  there  ia  no  difficulty  in  the 
process.  By  this  plan  tubes  are  effectually  tinned  both  inside  and  out,  and 
any  imperfections  or  fissures  are  soldered  up.  The  operation  is  exceed- 
ingly simple  and  the  expense  trifling.  The  process  is  patented  in  England, 
where  the  tubes  are,  we  believe,  more  extensively  used  than  in  this  coun- 
try.^See  Journal  of  the  Franklin  Institute  for  November,  1832,  and 
IVUr,  1835.) 

Valoa  and  Ctdu  are  too  essential  to  hydraulic  engines  to  he  omitte^ 
in  this  work.  The  principle  of  the  valve  has  always  been  in  use  (ot  ^^ 
variety  of  purposee.  Doorsare  valves,  and  were  so  named  bv  the  ancients. 
Thoeeoftheprivateaportments  of  Judo  were  contrived  by  Vulcan  to  close 
of  themselves.     Thus  Homer  sings  : 


■  In  one  of  dn  apirnnMiti  oT  a  villa  at  Pompeii,  there  wa*  ■  luge  glazed  b«*r. 

iaw.    Tba  glsM  wsi  Ihiek, tinnd  irilh  green, and  "set  inlfailikeamaHdem' 

— (Bsa  Eaeje.  Antiq.  pp.  57,  396  ) 
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It  is  probable  tbat  all  valvea  were  originally  in  the  form  of  doors  ;  ttiat 
is,  mere  flapa  or  clocks  moving  on  a  hinge,  and  either  laying  horizontally 
like  a  trap-door,  inclined  like  some  of  our  cellar  doors,  opening  vertically 
as  on  ordinary  door,  or  suspended  by  hinges  from  the  upper  edge  ;  and 
sometimes  they  consisted  of  two  leaves  like  folding  doors.  Examples  of 
all  these  are  stilt  common.  Isis  was  represented  by  the  ancient  Egyptians 
with  "  the  key  of  the  sluices  of  the  Nile  "  in  her  hand  ;  the  instrument  by 
which  the  doors  or  valves,  Uke  the  locks  in  our  canals  were  opened  and 
closed. 

The  most  ancient  musical  wind  instruments  known  in  the  Eastern  world 
are  provided  with  valves,  aa  the  primitive  bag-pipea,  and  the  Chineae 
variation  of  this  instrument,  which  Toreen  describes  as  consisting  of  "  a 
heraLiphere  to  which  thirteen  or  fourteen  pipes  are  applied,  and  catching 
the  air  blown  into  it  by  valves."  The  pastoral  flute  of  Pan,  from  it» 
expressing  thirty-two  parts,  he  supposes  to  have  been  of  a  similar  con- 
struction. (Osbeck's  Voyage,  ii,  248.)  Valves  were  of  course  employed 
in  the  organs  of  Jubal,  as  well  as  in  the  bellows  belonging  to  his  celebrated 
brother  and  other  antediluvian  blacksmiths.  The  ninth  problem  of  the 
Spiritalia  relates  to  valves.  Conical  metallic  valves  were  osed  by  Ctesi- 
bius  in  the  construction  of  clepaydrra.  In  moat  of  the  old  representationB 
of  pumps,  flaps  of  leather,  loaded  and  stiffened  with  pieces  of  wood  or 
lead  are  figured.  Agricola  haa  given  iigures  of  no  other.  These  dac/a, 
as  they  are  named,  are  in  most  cases  preferable  to  the  most  perfect  spheri- 
cal or  conical  ratvea  of  metal:  the  smallest  pardcle  of  sand  adhering  to  these 
makes  them  leak ;  besidea  which,  they  are  liable  to  stick.  We  have  known 
them  replaced  with  common  clacks.  Amontons,  in  experimenting  with 
a  forcing  purap,  found  the  valves,  which  were  of  higbly  polished  metal 
and  well  fitted,  adhere  so  strongly  to  their  seats,  th&t  he  had  to  substitoUi 
leather  clacks  for  them. 

The  spindle  valve,  or  such  as  have  a  long  shank  to  prevent  their  rising 
too  high,  and  guiding  them  when  deBceuding,  is  said  to  be  of  French 
origin. 

We  have  sometimes  used  a  aimple  valve  on  the  lower  box  of  a  pump. 
It  consisted  of  a  short  pipe  of  thin  and  very  soil  leather  secured  to  the 
upper  aide  of  the  box.  When  the  sucker  was  raised,  the  water  rushed 
through  this  pipe,  and  when  the  stroke  ceased,  it  was  instantly  collapsed 
by  the  pressure  of  the  fluid  above  it,  and  then  fell  down  on  one  side  of 

CocAt  are  a  species  of  valve,  but  not  self-acting  like  the  latter.  In 
pumps  and  bellows  the  momentum  of  the  entering  fluids  opens  the  valves, 

■PooTBopsned  and  doMdbrsecratnuehiiierrirereraniisrlr  much  inragne.  Heron 
made  tbom  of  ■  temple  (hu  id  act  Vitrurin*  apealu  of  doon  that  olMed  bj  theiiMsWaa, 
(and  when  opened,  roae  tnfficigntlr  high  to  clear  tba  carpet)  bi  the  otd  eiti«  or  En- 
.  JSope,  the  fatea  were  movad  by  coDcealad  macJuniRD  to  prevent  a  anrpriae.  ThMa  at 
.  j^OTg  were  TuDoua,  A  single  person  only  conld  enter  el  a  time,  ancl  ha  was  incIoMd 
Miween  two  gatea  till  the  object  of  bia  visit  wu  ucertained.  As  *oon  aa  be  approiicbed 
the  Gilt  one,  it  opened  of  ilKir,  he  entered.  "  and  it  oloied  opon  bia  beela."  On  n^A- 
.__.!.  J  :.  J  :_  III  .  During  theia  operalieiM,  dw  visitor  ai 

icnitiny  ofoScen  within.    The  i 

gate  of  the  same  kind  for  the  aeciirily  of  l_ ., , 

to  take  ■  model ;  but  lAer  aeveral  eiaminaciona,  ibey  returned  home 

lling  down  the  walk,  «i  '    '"  ' 

to  find  oat  how  it  waa  c 
faan."— (BlaioviUe's  Travela,  i,  2S0.} 


BDsan,  altbongh  he  waa  eiposad  lo  the  acnitiny  oroScen  within.  The  DiBCiatrat«s  of 
miambarg,  deilring  to  have  a  gate  of  the  same  kind  Tor  the  lecurily  of  ihair  city,  aent 
some  ragineer*  to  take  ■  model ;  but  lAer  aeveral  eiaminaciona,  ibey  retnmi  ' 
■ltd  rsponsd  "  thai  without  pulling  down  the  walk,  and  all  iIm  maaonrr,  it  wi 
tlis  powar  of  Baehatiit  himialf  to  find  oat  how  it  waa  oontrirad,  or  lo  make  m 

in  ■  thnnuiul  IfuiH  "-^RlBmvilla^B  TivirAla    ;    0<;0  \ 
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vhile  their  own  weiglit  lerres  to  close  them ;  bat  in  ordinary  cocks,  the 
plugs  must  be  turnea  by  some  external  force.  Cocke  of  wood,  brass,  uid 
other  metals,  and  made  on  the  principle  of  those  now  in  use  are  extremely 
ancient.  There  is  reasoo  to  believe  that  ancient  modiRcationa  both  of  valve 
and  plug  codes  wore  quite  as  numeroui  a»  modern  ones.  It  is  certain 
that  Oie  Greeks,  Romans  (and  moat  probably  the  Babylonians  and  Egyp- 
tians also)  had  far  richer  ipecimena  of  ihese  inslrumenls.  both  aa  reg-ards 
the  material  and  workmanship  ihan  any  thing  of  the  kind  in  modem  days. 

HorUB  Apollo,  or  Horapollo,  an  Egyptian  of  the  fourth  century,  wrote 
k  work  "  Concerning  the  Hieroglyphics  of  the  Egyptians,"  and  he  informs 
us  that  the  priests  gave  the  form  of  a  lion  to  "  the  mouths  and  ilopt  [cocks] 
of  consecrated  fountains,"  because  the  inundation  of  the  Nile  occurred 
when  the  sun  was  in  Leo. — (Encyc,  Anti.  i,  185,  note.) 

The  contents  of  those  enormous  metallic  vases  mentioned  in  both  sacred 
and  profane  history,  were  undoubtedly  discharged  through  cocks,  although 
these  are  not  always  indicated  :  as  the  lover  of  hrati  made  by  Bezaleel 
out  of  the  mirrors  of  the  Israelitish  women  ;  the  braze*  tea  ilaa,  which 
was  cast  by  a  Tyrian  brass-founder  for  Solomon.  This  unrivaled  vasv 
was,  accorJing  to  Josephus,  of  an  hemispherical  form.  It  was  sixteen 
feet  in  diameter  and  between  eight  and  nine  in  depth ;  "  an  hand-breadth" 
in  thickness,  and  contained  about  1S,000  gallons.  The  brim  was  wrouEht 
Uke  the  brim  of  a  cup,  with  flowers  of  libes ;  "  and  under  the  brim  of  it 
round  about,  there  were  knops  cast  in  two  rows  when  it  was  east"  It 
was  supported  on  a  pedestal  which  rested  on  twelve  brasen  statues  of 
oxen,  from  whose  mouth  the  liquid  is  supposed  to  have  been  drawn. 
This  splendid  vessel  was  removed  from  off  the  statues  by  Ahax — "  he 
took  down  the  sea  from  off  the  brazen  oxen  that  were  under  it,  and  put  it 
upon  a  pavement  of  stones."  It  was  subsequently  carried  to  Babylon  by 
Nebuchadnezzar. 

When  Sylla  pillaged  the  temple  of  Delphi,  be  found  a  vase  of  silver  so 
large  and  heavy  that  no  ordinary  carriage  could  support  it.  He  therefore 
had  it  cut  up.  (Plutarch  in  Sylla.)  Herodotus,  i,  51,  in  enumerating  the 
gifts  of  Crcesus  to  the  tame  temple,  mentions  a  cistern  of  gold,  ana  one 
of  silver  of  immense  dimensions,  (perhaps  the  same  taken  by  Sylla,)  also 
silver  catki  and  basins — that  these  had  cocks  is  certain,  for  he  observes 
that  a  statue  of  a  boy  waa  attached  to  one  of  them,  and  the  water  was 
discharged  dirough  one  ofhu  k^tdi.  This  shows  how  vsriegated  were  the 
figures  and  orifices  of  ancient  cocks.  The  Japemese  indulge  a  similar  taste, 
and  have  doubtless  inherited  it  from  their  remote  progenitors.  Some 
of  their  bronze  idols  are  made  to  serve  m  Pmntaiaa,  and  the  water  issues 
from  tke  jingeri  of  some,  while  others  hold  a  vase  from  which  it  flows,  as 
in  the  Greek  and  Roman  designs  of  Oceanus  and  Neptune.  The  Dutch 
on  first  visiting  the  Japanese  found  the  baths  of  these  people  supplied 
with  cold  and  warm  water  by  means  of  pipes  "  and  copper  cocks."— 
(Montanus'  Japan,  translated  by  Ogilby,  pp.  94,  279, 449,  and  Thnnberg** 
Travels,  iii,  lOS.) 

Bronte  or  brass  eooks  were  as  common  in  old  Rome  and  probably  other 
ancient  cities,  as  they  are  in  any  modem  one.  The  immense  nnmoer  of 
pipes  that  conveyed  water  to  the  houses,  baths,  fountains,  &c.  must  have 
kept  a  great  number  of  founders  constantly  at  work  in  making  and  re- 
pairing them.  We  leam  from  Vitmvius  that  every  main  pipe  that  passed 
throuA  the  streets,  had  ft  large  cock,  by  which  the  water  was  let  in  or 
exoludad,  and  ^at  these  cocks  were  turned  as  simitar  ones  now  are,  with 
an  iron  key.  Several  specimens  of  ancient  cocks  are  extant.  Among 
these,  a  vety  large  one  discovered  tn  the  ruins  of  a  tmnple  built  by 


■■"S'^ 


6S8  Ancimt  Brtmze  Coda — SSver  Pipet  and  Coekt.       [Book  V. 

Tiberiua  at  Capri,  and  preserved  in  the  Museum  at  Naplei,  is  not  the 
leaat  interesting.  No.  273  is  a  figure  of  it.  The  plug  has  become  by 
time  immoveable,  and  having;  been  shut 
when  last  used,  the  water  within  it  u 
still  confined.  This  is  made  evident, 
for  when  two  men  raise  the  cock,  the 
splaslung  sound  of  the  fluid  is  distinctly 
1  heard. 

I  This  cock  was  found  attached  to  a 
reservoir,  but  in  what  manner  it  was  con- 
nected we  know  notn-by  solder  1  screwsl 
— particulars  that  cannot  be  determined 
...m.  ..UMI».~«1.  byth..keteh.     H«l  we  .n  opportuniij 

oi  examinmg  it  we  would  endeavor  to 
ascertain  its  weight,  dimensions,  &c- — whether  the  substance  of  the  plug  and 
chamber  are  the  same,  and  if  the  former  is  aecured  in  the  latter  by  slightly 
nveting  iu  lower  edge,  as  in  our  small  cocks,  or  by  a  washer  and  acrew 

The  mode  of  forming  the  handle,  or  that  part  by  which  the  plug  is 
turned,  in  a  separate  piece  from  the  latter,  is  decidedly  superior  to  the 
common  practice  of  casting  both  in  one  piece.  It  is  a  common  occurrence 
to  throw  aside  a  cock  anu  replace  it  with  a  new  one,  umply  becaiue  this 
part  hss  been  broken  from  the  plug,  and  can  only  be  remedied  by  replacing 
the  latter  with  iL  Now  this  would  never  occur  if  cocks  were  made  like 
this  ancient  one,  for  the  part  alluded  to  might  be  renewed  with  the  same 
fkcility  as  the  key  of  a  door  or  the  handle  of  a  hammer.  The  mode  of 
attaching  this  part  to  the  plug  by  sliding  it  between  two  dove-tailtd  groove*, 
is  ingenious,  simple,  and  very  effective. 

In  a  great  portion  of  modern  cocks  the  area  of  the  opening  through  the 
plug  seldom  exceeds  one  half  of  that  through  the  chamber  ;  but  in  the 
above  one,  the  chamber  is  sufficiently  large  to  allow  a  uniform  passage- 
w^  throuehout. 

The  modem  name  of  these  instruments  is  supposed  to  have  arisen  from 
their  having  been  made  in  the  form  of  the  male  of  the  domestic  ibwl ; 
hence  weather-cock,  the  cock  of  a  gun,  &c. 

The  luxury  of  the  Romans  under  the  empire  led  them  to  monstrous 
excesses,  particularly  with  regard  to  baths ;  the  water  to  supply  which 
was  often  conveyed  through  pipes  of  pure  tUver,  and  of  course  through 
eocka  of  the  tame.  Seneca,  in  a  letter  to  Lucilius,  describing  the  hutnMe 
villa  of  the  grest  Scipio,  deplores  this  degeneracy  of  his  countrymen.  "  I 
write  to  you  [he  says]  from  the  villa  of  Sctpio  Afncanus,  where  I  at  present 
am,  and  have  worshipped  his  manes  and  his  altars  ...  I  surveyed  this  villa, 
which  is  built  with  square  stone  and  surrounded  with  a  wall.  I  viewed 
the  grooves  and  towers  planted  and  erected  on  each  side :  a  capacious 
cistern  and  basin  for  water  is  below  the  house  and  gardens,  lai^e  enough 
to  supply  a  whole  army ;  next  a  small  bath,  and  that  something  dusky. 
It  was  a  sensible  pleasure  to  compare  the  manners  of  Scipio  with  ours. 
In  this  little  hole,  this  comer,  did  that  terror  of  Carthage,  to  whom  alone 
Rome  owed  her  not  being  taken  a  second  time,  wash  and  refresh  himself, 
after  being  tired  with  his  country  toils  ;  for  he  used  the  country  exercises 
and  ploughed  his  ground  himself,  as  the  ancients  were  wont  to  do.  Be* 
neath  this  humble  roof  he  stood,  and  this  plain  unartful  floor  supported 
him.  Who  now,  in  our  days,  would  endure  so  mean  a  bath  1  Every  man 
now  thinks  himself  poor  if  the  walls  of  his  bath  shine  not  with  large  orbs 
of  predous  stones — unless  the  Alexandiiaa  marble  be  embossed,  crusted 
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over  and  varied  with  Numidian  borderingt — unleia  thev  are  covered  with 
Mosaic— ir  the  vaulted  roof  be  not  of  ^ais — unleu  the  ThuBian  itane, 
formerly  so  rare  and  only  to  be  found  in  some  particular  temple  or  public 
building,  line  the  cistern,  into  which  he  descends  aJ^r  aweating,  without 
soul  or  life,  if  the  water  pours  not  on  him  from  tilea-  coitdttit*.  I  speak 
now  only  of  the  pipes  and  baths  of  the  vulgar  ;  but  what  shall  I  say  when 
I  come  to  those  of  the  freed-men  1  How  many  statues  I  How  many  rowa 
of  pillars  supporting  no  weight,  hut  placed  tkere  merely  for  the  uke  of 
expense  and  omameDt  I"  &c.  dec. 

No.  274  is  another  ancient  cock 
from  the  third  volume  of  Montfau- 
con's  Atitiquiiies.  It  will  serve  as 
a  specimen  of  the  richness  and  va- 
ries of  ornament  with  which  these 
instruments  were  sometimes  deco- 
rated. The  figure  standing  on  the 
h«ad  of  a  dolphin,  and  which  form- 
ed the  handle  by  which  the  cock 
was  opened  and  closed,  is  supposed 
to  have  represented  the  Genius  of 
the  garden,  in  which  the  fountain 
was  placed.  Another  highly  orna- 
mented cock,  or  ralber  part  of  one, 
is  also  engraved  in  the  same  work; 
but  as  it  appears  to  be  merely  that 
part  by  which  the  plug  was  turned. 
It  is  omitted.  There  are  several 
bronEe  jet  pipes  for  fountains  ex- 
tant, ana  in  great  variety  of  shape*. 
They  were  sometimes  plated  with 
\  gold,  as  appears  from  traces  of  it 
left  on  some  of  them. 
Ma.tii   *-t-'-rt niTTii  -TT^  Much  additional  information  re- 

specting the  use  of  cocks  among  the 
Romans  has  been  obtained  from  the  rums  of  Herculatieum  and  Pompeii, 
Several  have  been  found  in  the  houses  and  baths.  Some  were  attached  to 
pipes,  fountains,  and  to  boilers  on  large  moveable  tripods,  or  braziers,  and 
also  to  urns  or  vases,  similar  to  our  tea  and  coffee  urns.  Most  of  them 
are  ornamented  with  lions'  heads,  &c.     In  one  brazier,  the  cock  is  quite 

rlain,  and  resembles  those  which  are  known  to  plumbers  as  tlop-eocks. 
a  some  of  the  braziers,  the  grate  bars  are  haliaw,  that  the  water  might 
circulate  through  them,  and  the  cocks  are  inserted  just  above  the  bottom 
of  the  boilers,  that  a  little  water  might  always  be  retained  to  prevent  the 
fire  from  destroying  them. 

In  the  baths  of  CZoaJtiu  the  water  ran  through  jnpr<  qftilver.  At  L»- 
DQvium,  in  the  ruins  of  a  villa  of  AMtonmut  Piut,  a  silvee  cock  was  found 
which  served  for  a  fountain.  It  weighed  thirty'five  Roman  pounds,  and 
was  insciibed  " Faustinse  Nostrffi."— (En^c.  Antiq.  vol.  i,  496}  I  ws< 
diown,  says  Breval,  in  hia  "  Remarks  on  Europe,"  several  curious  frag- 
ments that  had  been  dug  out  of  the  gardens  of  Meecenas.  Among  these, 
were  some  huge  leaden  pipes  that  conveyed  the  water  from  the  Claudian 
aqueducts  into  a  subterraneous  bathing-room.  The  magnificence  of  the 
place  must  have  been  suitable,  no  doubt,  to  the  immense  wealth  and  deli- 
oacy  of  a  Roman  of  hit  rank ;  especially,  if  what  I  was  aaaured  was  the 
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ftct,  that  some  lesser  tnbea  disoorered  amoag  the  unw  rubbish  wera  of 
tolid  tilver. 

Nothing,  says  Blainville,  could  e<]ual  in  richness  the  apartments  of  Ca- 
racalla's  baths.  Colamns,  natues,  rarest  marbles  and  jaspers,  and  pictures 
of  an  immense  value  were  lavished  on  every  one  of  them.  The  very  inpes, 
both  large  and  small,  which  conveyed  water  into  the  bathing  aparonents, 
were  all  of  the^neil  lilver.  This  particular  is  recorded  by  sareru  [ancieDtj 
authors,  and  among  others  by  Statins. 

Otho,  in  a  feast  given  to  Nero,  almost  deluged  his  guestswith  a  most 
precious  liauid  perfume,  which,  "  by  opening  certain  conk*,"  gushed  out 
of  silver  and  golden  tubes  that  were  placed  in  different  parts  of  the  room. 

As  water  was  conveyed  by  pipes  into  the  houses  and  temples  of  ancient 
Mexican  and  Peruvian  cities,  it  might  thence  be  concluded,  in  the  shsencs 
of  direct  testimony,  that  cock*,  at  least  wooden  spigots,  were  in  use  also ; 
but  there  is  evidence  of  the  fact.  We  are  informed,  that  in  a  palace  of 
Atabalma,  there  was  a  bath  or  "  golden  cisteme,  whereto  were  by  two 
pipes  from  contmry  paisages,  brought  both  cold  water  and  hot,  to  use 
them  mingled  or  asunder  at  pleasure."  (Purchoa'  Pilgrim,  1073.)  Now 
that  these  pipes  were  furnished  with  cocks,  is  expressly  asserted  by  Gar- 
eilasso,  in  a  passage  we  have  already  quoted.  (See  page  170.)  Cistema 
and  pipes,  both  of  silver  and  gold  were  used  in  the  temple  at  Cusco- 

"  Golden  pipes"  are  mentioned  by  the  prophet  Zechariab,  iv,  2  and  13, 

We  gave  a  figure  of  a  siphon  cock  at  Nos.  265-6,  and  shall  here  describe 
a  sliding  one,  contrived  and  used  by  us  several  yesrs  ago.  A,  No.  275  re- 
presents a  abort  brass  or  copper  tube,  with  a  stufSng-box  fitted  to  its  upper 
end :  the  lower  end  is  soldered  to  a  pipe  preceding  from  a  reservoir, 
or  from  a  main  in  the  street.  B  a  smooth  and  smaller  tube,  having  its 
lower  end  closed,  works  through  the  stuffing-box :  to  its  upper  eitd, 
which  is  also  closed,  a  knob  or  handle  is  Rxed,  and  just  below,  uiere  is  a 
spout  for  discharging  the  water.  At  the  middle  of  B,  a  number  of  holes 
are  drilled  through  its  sides,  or  they  may  be  in  the  form  of  slits.  Now 
while  these  openings  are  kept  above  the  stuffing-box  (aa  shown  in  the 
cut)  no  water  can  be  discharged  ;  but  as  soon  as  B  is  pushed  down,  so  as 
to  bring  them  below  the  stuffing-box,  the  fluid  rushes  through  them  and 
escapes  at  the  spouL  To  stop  the  discharge  B  is  then  raised,  as  in  the 
figure.  There  should  be  one  or  two  small  projecting  pieces  near  the  lower 
end  of  B  to  prevent  i(a  being  pulled  entirely  out  <^  A.  The  pressure  of 
the  water  tends  to  keep  B  from  sliding  down,  when  the  instrument  is  not 
in  use,  even  if  the  friction  of  the  stuffing-box  were  not  sufficient.  The 
external  edges  of  the  slits  should  be  smooth  to  prevent  them  from  catch- 
ing holdof  the  packing  while  passing  through  it.  Of  this,  there  is  however 
but  little  danger  in  small  cocks,  and  in  those  of  larger  sise,  that  part  of  B  _ 
through  which  they  are  made  might  be  slightly  contracted. 

No.  276  represents  one  of  these  cocks  attached  to  a  cistern,  with  the 
openings  within  the  stuffing-box,  and  consequently  the  fiuid  escaping. 
The  lengthofthestitsshouldalwaysbe  less  than  the  depth  of  the  packing. 

No.  277  exhibits  a  stop-cock,  or  one  whose  ends  are  straight  and  alike, 
(such  as  plumbers  solder  in  the  middle  of  pipes.)  A  straight  tube  C  D 
is  closed  by  a  partition  or  disk  in  the  middle  of  its  length  ;  aa  the  water 
^vhich  flows  from  the  reservoir  always  remuns  in  the  end  C,  the  object  ia 
to  open  a  communication  for  it  to  pass  into  D.  To  accomplish  this,  slits 
or  other  shaped  openings  are  made  through  the  pipe  on  boUi  sides  of  the 
disk,  and  a  shorter  but  wider  tube  E,  with  a  stuffing-box  at  each  end  is 
fitted  to  slide  over  C  D.  Thus,  to  allow  water  to  pass  into  D,  all  that  is 
required  is  to  move  E  (by  the  two  projecting  handlas)  till  bodi  MTtea  of 
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I  incloied  by  it  j  while  K  _ 
be  moved  bsck  towardB  C  u  in  the  figure.  The  upper  fii^ra 
u  another  form  of  the  same  thing.  Ttie  sliding  tube  H  ib  the  emalleBt, 
and  has  one  end  closed  like  Nos.  215  and  276,  while  F  and  G  are  aepa* 
rate  pieces.  Its  action  will  be  (ufficiently  obvious  from  the  preceding 
remarks. 


Large  cocks  on  this  principle  may  be  made  for  half  the  cost  of  ordinary 
ones,  while  tha  expense  of  keeping  them  in  order  is  too  triBing  to  be- 
noticed — occsBionslty  to  renew  the  packing  is  all  that  could  be  required. 

Water-Clotfl*  have  been  greatly  improved  by  modern  artists,  but  they 
are  an  ancient  and  probably  Asiatic  device.  The  summer  chamber  of 
Eglon,  king  of  Moab,  (Judges,  iii,  20-25)  is  supposed  to  have  been  one. 
They  were  introduced  into  Rome  during  the  republic,  and  are  noticed  by 
several  ancient  writers.  Those  constructed  in  the  palace  of  the  Cssars 
were  adorned  with  marbles,  arabesque  and  mosaics.  At  the  back  of  one 
still  extant,  there  is  a  cistern,  the  water  of  which  is  distributed  by  cocki 
to  different  seats.  The  pipe  and  basin  of  another  has  been  discovered 
near  the  theatre  at  Pompeii,  where  it  still  remains.  Heliogabalua  con- 
cealed  himself  in  one,  and  whence  be  was  dragged  by  his  soldiers  and' 

Water-closets  seem  to  have  been  always  used  in  the  East,  and  for  res* 
sons  which  Tavemier  and  other  oriental  travelers  have  assigned.  Numbers 
are  erected  near  the  mosques  and  temples.  A  similar  cuntom  prevailed  in 
old  Rome,  Constantinople,  Smyrna,  and  probably  all  ancient  cities.  In 
the  city  of  Fez,  "  round  about  the  mosques,  are  150  common  houses  of' 
ease,  each  furnished  with  a  cock  and  marble  cistern,  which  scoureth  and 
keepeth  all  iteat  and  clean,  ss  if  these  places  were  intended  for  some- 
sweeter  employment." — (Ogilby's  Africa,  1670,  p.  88.)  In  bis  "  Relation 
of  the  Seraglio,"  Tavemier  describes  a  gallery,  in  which  were  several 
WBter^osets.  "  Every  seat  [he  observes]  baa  a  litde  cock."  He  meniiona' 
others,  in  which  the  openings  were  covered  by  a  plate,  which  by  roeana- 
of  a  spring  "  turned  one  way  or  the  other  at  the  ftUing  of  the  least  weight 
upon  It." 

Sir  John  Harrington  is  said  to  have  introduced  water-closets  into  Eng- 
land in  Elizabeth's  reign,  and  some  writers  have  erroneouslv  ascribed 
dieir  invention  to  him.  Tltey  are  described  in  the  great  French  work  on 
ArU  and  Manu&ctnreB,  by  H.  Boubo,  who  says,  they  were  long  tised  iii' 
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Fnuic«  before  beiog  known  in  Bogland.  Thoae  which  be  bu  fignred  Bra 
however  on  the  oncisDt  plan,  withoot  tnpe,  and  •ucb  are  still  to  be  IbiiBd 
in  orienU.1  cities.  They  are  not  to  be  compared  with  the  modem  one*. 
(See  L'Art  du  Meniusier,  folio  edit.  1770,  PI.  69  ;  Gell's  PomMian* ;  A 
DiMertaiioD  on  Place*  of  Retirement,  Lend.  1761 ;  Fryer'i  TraTela  in 
India  and  Persia,  Lond.  1696.) 

Devices  for  preventing  the  ascent  of  offensive  vapors  from  nnlu,  sewen, 
drains,  be.  are  named  trapt.  As  these  are  simple  in  consimction,  and 
applicable  under  all  circumstances,  and  jret  are  little  known,  we  have 
inserted  a  sketch  of  a  few  of  the  most  common.  They  are  all  modilics- 
tiona  of  the  same  pnndple. 


A  A  represent  a  floor  or  covering  of  a  sink  or  sewer,  and  the  object  is 
to  discharge  refuse  water  or  slops  of  any  kind  into  the  latter  without 
allowing  currents  of  air  to  rise  through  the  passage.  No.  S78  is  a  leaden 
pipe  bent  at  one  part  into  the  form  of  a  letter  S,  which  part  constitute* 
the  tr«p.  One  extremity  enters  the  sink,  and  to  the  other,  which  is  turned 
up  perpendicularly,  the  basin  of  a  water-closet,  or  a  common  funnel  is 
attached.  The  flexures  of  the  tube  must  be  such,  that  whatever  liquid  is 
thrown  down  the  basin,  a  portion  will  always  remain  in  the  bent  part 
below  to  a*  to  teal  the  pottage  eontpletdy,  as  shown  in  the  cut.  The  basin 
and  trap  may  be  placed  in  a  room  at  any  distance  above  the  sink  or  sewer, 
provided  both  are  connected  by  an  air-tight  tube. 

No.  S79  is  named  a  D  trap,  from  its  resemblance  to  that  letter.  It  is 
of  the  kind  generally  used  in  water-closets,  for  which  purpose  it  is  always 
made  of  lead,  and  about  twelve  inches  lone,  five  wide,  and  ten  or  eleven 
deep.  The  pipe  that  enters  the  sink  is  soldered  to  one  end  and  near  the 
top.  The  otDer  one  to  which  the  basin  is  attached  descends  six  or  seven 
inches  through  the  top  at  the  opposite  extremity  of  the  trap.  By  this 
arrangement  water  is  retained  within  to  a  level  with  the  lower  edge  of  the 
pipe  that  enters  the  sink,  while  the  perpendicular  pipe  dips  between  one 
and  two  inches  below  the  sur&ce.  Hence  although  impure  air  in  the  nnk 
can  readily  ascend  into  the  trap,  it  cannot  enter  the  tube  on  which  the 
basin  is  placed  ;  for  to  do  so,  it  would  have  to  descend  through  two  inches 
of  the  water  to  reach  the  orifice  of  the  tube  ;  and  then  to  ascend  through 
an  equal  column  within  the  latter  before  it  could  rise  into  the  basin. 

No.  280  is  a  form  of  trap  used  over  the  openings  of  street  sewen,  for 
which  purpose  they  are  commoDly  constructed  of  stone  or  brick  and  lined 
with  cement.  The  figure  is  that  of  a  square  box  open  at  top..  A  pipe  is 
inserted  through  the  bottom  at  one  side  to  connect  it  with  the  sewer.  Tbia 
pipe  stands  about  half  way  up  the  inside  of  the  box,  and  above  it  there  ia 
4  event  rectangular  partition  attached  at  three  of  its  sides  to  the  box,  while 
the  fourth  side  extends  into  die  middle  and  dips  two  inches  below  the 
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orifice  of  die  pipe,  ind  eonae^eatl;  that  deptli  in  wKter;  thni  cutting  off 
aQ  external  commiinication  with  the  air  in  the  sewer.  A  looM  gnte  to 
into  a  receia  on  the  edge  of  the  box,  auJ'ia  occaaionftlly  removed  to  take 
out  the  dirt  Aat  pauea  the  grate.  Small  trapa  of  the  lund,  and  made  of 
caat  iron,  are  oometimeB  uiea  in  the  draini  ot  private  houiea. 

No.  SSI  if  named  t,  hdl  trap  from  iti  figure.  Such  are  generally  of 
■malt  dIjiiBniions,  and  are  mostly  nsed  in  kiUshens,  over  tHe  chumeu  or 
tubes  through  which  refuse  fluids  are  dischai^ed  into  sinks  or  drains.  The 
end  of  the  pipe  projects  two  or  three  inches  into  the  trap,  consequently  e 

aDKnO^  of  water  must  always  remain  within  at  the  same  elevatioa.  Over 
le  pipe  a  bell  or  inverted  cup  dips  about  half  an  inch  into  the  water,  and 
is  of  Buch  a  size  as  to  leave  aulEcient  room  for  the  fluid  to  descend  between 
it  and  the  sidea  of  the  trap,  and  also  to  pass  under  its  edge  snd  rise  into 
die  pipe,  and  so  escape  into  the  drain.  The  cup  or  bell  is  connected  to  a 
brass  gnte  that  drops  into  a  recess  cast  round  the  inner  edge  of  the  tn,p. 
The  origin  of  traps  is,  we  believe,  unknown.  The  principle  is  predsefy 
dw  mne  as  in  the  water-lute  of  old  chemists.  OlanlMr  used  contnvancei 
identioal  with  Nos.  278  and  281,  instead  of  cocks  to  close  retorts,  &c  Im 
Mead  of  water  be  Mmetimai  wed  merooiy,  when  the  oontenti  wen  of  s 
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laki  BM«— PkoeloB-W«U  vonUp— Willi  irllk  Ri 
hrpMHl  bhUsiu— Clwlii  pupa  la  iUp>— SprlnkUaf  pate    <M  IHcUobIhi  prnp—Witn  t»mm-~ 
Vnku-i  Mp-k»w«»-Batlplla— HDw-plp*-mii»FUaiI  taUon— Ckavl^  HUpA 


SoMK  &ctB  and  obMrrstioiia  having  occnrred  to  iu  during  the  progtew 
of  thia  work  which  could  not  be  ioMrud  in  their  proper  places,  a  few  are 
added  by  way  of  appendix.  While  engaged  on  the  lut  chapter,  a  luge 
ooUection  of  old  hooka  waa  imported  into  £is  city  from  Europe,  iu  which 
we  fortunately  found  a  perfect  copy  of  "  Nature  and  Art,"  mentioned 
U  pp.  321,  421.  From  the  tide,  which  ia  annexed,  it  will  be  teen  that 
our  conjectures  reapecting  ita  author  and  date  of  publicodou  were  correct 
"  The  Myateriea  of  Nature  and  Art  in  foure  aeverall  parta.  The  first  of 
water-worka  :  the  second  of  fire-works  :  the  third  of  drawing,  washing, 
limning,  punting  and  engraring  :  the  fourth  of  inndry  experiments.  The 
ttamd  etmuna,  with  many  additioos  unto  every  part  By  John  Bate, 
Lond.  1635." 

M  page  19,  we  quoted  an  example  of  fmnlity  in  Dentatus  cooking  hii 
simple  food  while  he  swayed  the  deatiniea  of  Rome.  There  is  a  parallel 
case  in  one  of  the  moat  virtooua  of  the  Greek*,  vis.  Piocum.  Alexander 
eateemed  him,  but  could  never  induce  him  to  accept  of  gifts,  althou^  be 
wu  always  poor.  At  one  time  the  Macedonian  warrior  sent  him  out  of 
A(ia  a  hundred  talents  as  a  mark  of  his  regard ;  but  when  the  envoyi 
arrived  with  the  treasure  at  Athena,  Phocion  waa  inflexible — he  would 
not  touch  iL  They  then  followed  him  to  hia  houae,  and  were  aatonished 
beyond  measure  to  Rnd  the  wife  of  this  truly  great  man  making  bread,  and 
himself  dravimg  water. 

Worthy  of  wait,  i>p.  33-37.  "  The  worship  of  this  well  of  St  Edward 
waa  particularly  forbid  by  Oliver  Sutton,  hisbop  of  Lincoln,  in  the  time 
of  Edward  I.  This  well  worship  is  strictly  foroidden  in  King  Edgar's 
canons,  and  K.  Cnute's  laws,  as  'twas  in  a  council  at  London  under 
Archbishop  Anaelm,  in  the  year  1102 ;  and  name  of  our  best  cnticlu 
observe  that  what  is  translated  «f>»U-wor«hip  in  Colossiani,  ii,  23,  should 
be  ucU- worship." — Heame's  Preface  to  Robert  of  Gloucester's  Chronicle.) 

Weil*  with  Stain,  p.  S3.  An  extraordinary  well  of  this  kind  was  built 
by  Pope  Clement  VII.  in  1628.— {See  Lond.  Mechanics'  Mag.  vol.  ii,  306.) 

Tinmu-Anche,  p.  75.  In  the  33d  year  o^  Henry  VI.  A.  D.  1454,  an 
ordinance  was  established  for  reducing  the  expenaea  of  the  king's  boua»> 
hold.  Instead  of  a  larger  number,  only  "  vj  chddren  of  ye  kechyn  touroe- 
broehea"  were  appointed,  i.  e.  to  turn  the  spita. — (Proceedings  and  Ordi- 
oanoM  of  the  Pnvy  Council  of  England,  e£ted  by  Nichols,  vol  vi,  229.) 
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Railing  Water  through  a  Screto,  p.  140.  Same  penooi  deceived  by 
the  apparent  facility  of  working  a  water  screw,  eipecially  when  it«  jour- 
nal! are  delicately  ntted  to  their  bearings  and  they  turn  with  little  friction, 
imagine  that  it  not  only  elevates  the  liquid  with  a  leM  expense  of  force 
than  any  other  machine,  but  with  less  dian  is  due  to  the  quantity  raised  ; 
hence  it  hu  oilen  been  adopted  in  projects  for  the  perpetual  motion.  When 
an-an^d  so  as  to  be  turned  by  an  overthot  wlud,  it  constitutes  one  half  of 
the  first  attempts  at  a  solution  of  that  impossible  problem,  under  the  im- 
pression that  It  would  raise  mi  discharge  upon  the  wheel  all  the  water 
expended  in  moving  it !  "Rie  inclined  position  of  a  water-screw  is  sup- 
posed to  contribute  to  this  imaginary  result,  for,  say  these  reasoners,  the 
water  then  arrives  at  the  top  by  naturally  flowing  along  each  convohition, 
while  the  force  consumed  is  little  if  any  more  than  would  be  required  to 
turn  the  tube  if  empty  ! — the  fluid  being  thus  rused  in  B  diflerent  manner 
and  with  much  less  force,  than  when  TiHed  directly  and  perpendicularly 
1^  the  pistOQ  of  an  atmosphenc  pump,  or  driven  up  by  that  of  a  forcing 

In  these  projects,  the  action  of  the  wheel  depends  of  eontse  U  much 
upon  the  screw,  as  that  of  the  latter  does  upon  the  wheel ;  in  other  words, 
each  is  designed  to  turn  the  other:  but  the  very  idea  of  two  machmeB 
reciprocally  moving  eadi  other  at  the  same  time  is  palpably  abanrd.  The 
two  forces  will  either  be  equal  or  unequal.  If  they  are  alike  hath  would 
be  in  equilibrio,  and  the  machines  would  remain  at  rest ;  and  if  at  any 
time  one  force  exceeded  the  other,  the  same  result  would  necessarily  take 
place,  for  the  smaller  coald  not  then  overcome  die  greater.  If  the  whecd 
could  transmit  its  entire  force  to  the  screw,  (undiminished  1^  resistanea 
from  the  air,  the  friction  of  its  bearinffs  and  that  c^  the  intermediate  me^ 
chanism,)  it  would  still  be  impossible  fer  the  latter  to  retnm  it,  becaase  to 
do  so  a  greater  Ibrce  than  that  derived  from  the  wheel  would  be  required ; 
i  machine  cannot  be ,  moved  and  at  the  same  time  move  its  mover. 
When  moved,  its  force  is  less  than  that  by  which  it  is  moved ;  and  if  it 
becomes  the  mover,  its  fbrce  nraat  exceed  mat  of  the  machine  to  which  it 
imparts  motion. 

The  effect  of  any  machkiery  composed  of  levers,  cranks,  wheels,  fto. 
and  moved  by  water,  atiimab,  or  men,  can  never  exceed  the  power  that 
moves  it,  for  there  is  nothing  in  wood,  iron  and  brass,  or  ia  any  ootnbin«- 
tion  of  them,  by  which  they  can  ertati  f»ne,  or,  what  is  the  same-  thing, 
give  out  mote  than  is  imparted  to  them.  As  well  miRht  we  expect  to  mat 
a  cDTiBge  returning  of  itself  fivm  a  kmg  journey,  and  laden  with  the  horaes 
that  drew  it  from  home. 

Wilkins  has  given  a  chapter  in  his  Mathemadcal  Magic  on  "  composing 
a  perpetual  motion  by  fluid  weights."  Hu  prominent  plan  was  raising 
water  by  a  screw,  and  discharging  it  on  float  boards  attached  to  die  screi* 
itself.  He  quotes  older  authors  who  indulged  the  same  whim.  Visitms 
of  gresLt  mechanical  discoveries  often  burst  upon  the  ingenious  prelate,  as 
well  as  on  lay  inventol^  :  in  such  seasons  he  was  in  ecstacies.  When  he 
first  thought  of  obtaining  power  by  means  of  a- water-screw,  he  says,  "  I 
could  scarce  forbear  with  Archimedes  to  cry  out,  ^Mrtfta  /  Burdial  it 
seeming  so  infallible  a  «'ay  for  die  efiecUiig  of  a  perpetual  motion,  that 
nothing  could  be  so  much  as  probably  objected  agamst  it ;  but  upon  trial 
arid  experience  I  find  it  altogether  insufEcient  for  any  such  purpose." 

In  the  (Jentletitan'a  Magazine  for  1747,  p.  459,  diere  ia  a  descriptkm 
and  figure  of  a  similar  device — either  water  or  balls  were  to  be  raised 
dirough  a  screw  and  dropped  upon  an  overshot  wheel.  It  was  deviaed 
by  a  Col.  Kranach,  of  Hamburgh,  who,  in  a  pamphlet,  declared  ha  bad 
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■pent  diir^  yeui  in  peHacting  it.  He  piopowd  it  u  k  substitute  for  wiod 
and  water-mills,  and  particukrly  for  railing  water  and  ore  from  mines. 
In  the  same  work  fur  1751,  p.  448,  there  is  "  a  self-moving  wheel."  And 
at  p.  391,  "  a  self-moving  machine ;"  the  latter  by  a  Polish  Jesuit ;  it  con- 
sisted of  a  wheel,  ropes,  pulleys,  a  pump,  weights,  kc.  and  of  course,  like 
Kranach's,  could  no  more  move  of  itself  than  a  lamp-post,  nor  increase 
any  force  imparted  to  it  than  could  a  collection  of  paving  stones. 

If  a  perpetual  moiioa  could  be  obtained  by  a  water-wheel  and  screw 
as  above,  then  it  would  follow  that  a  bricklayer's  laborer  could  convey  a 
bod  of  mortar  or  a  bucket  of  water  to  the  top  of  a  building  with  a  much 
less  ex|>anditure  of  force  by  traveling  along  a  circular  stair-way,  than  by 
ascendmg  directly  up  a  ladder,  and  whether  he  carried  die  load  on  hia 
shoulder  or  dragged  it  after  him  by  a  cord.  But  the  fact  is,  a  100  lb.  of 
water  cannot  by  any  contrivance  whatever  be  conveyed  to  the  top  of  a 
building  with  a  force  lets  than  would  be  required  to  pull  up  the  same 
weight  of  stone  or  mortar  in  a  bucket :  it  can  no  more  be  wheedled  oat 
of  its  gravity  by  passing  it  up  an  inclined  plane  than  a  vertical  one — 
through  a  helical  tube  than  through  a  straight  one. 

Chaim-Pvinp*  in  Shipt,  p.  154,  John  Bate,  describing  ■  chain-pump  in 
1633,  says,  a  short  brass  chamber  smoothly  bored  was  inserted  in  the 
lower  end.  The  pistons  were  fitted  to  this,  and  the  rest  of  the  pipe  was 
of  larger  bore.  The  chain  was  of  iron  and  carried  round  by  a  sprocket 
wheel.  Each  pitton  consisted  of  a  disk  of  htjnt  between  two  of  leather. 
Such  a  pump,  he  observes,  *'  goeth  very  strongly,  and  therefore  had  need 
be  made  witn  wheels  and  wrought  by  horses,  for  so  the  water  is  brought 
np  at  Broken  Wharfe  in  London."  He  names  the  chain-pump  "  an  engin 
whereby  you  may  draw  water  out  of  a  deep  well,  or  mount  any  river 
water Also  it  is  used  in  great  ikipt,  which  I  have  seen." — (Mys- 
teries of  Nature  and  Art.) 

Atmaiphene  SprinMmg  Pot*,  p.  194.     When  Louis,  duke  of  Orleans 

and  Milan,  brother  of  Charles  Vll.  was  murdered,  (A.  D.  1407.)  his 

widow,  as  a  symbol  of  her  distress  and  an  indication  that  the  rest  of  her 

life  would  be  spent  in  tears,  adopted  the  chanUpUure  or  garden  pot  as  an 

heraldic  device  ;  and  which,  widi  the  motto,  flu*  nr  m'e*t  riau,  she  had 

engraved  upon  almost  every  thing  in  her  house.     No.  2S2  is  a  figure  of 

the  instrument.     (Devises  Heroiques,  par  M.  C.  Paradin,  A  Lyon,  1S57.) 

No.  283  is  another  old  form 

of  the  atmosphenc  sprinkler, 

from  a  Latin  Collection  of  Em* 

L  blems  of  the  early  part  of  tho 

I  I7th  century.      The  motto  on 

"  a  flying  scroll  was  Modo  Spi- 

tUm*  Ad*it.    Air  was  admitted 

through  a  small  opening  near 

the  top,  which  was  closed  with 

the  point  of  the  finger. 

The  sixth  and  seventh  pro- 
blems of  Heron's  Spiritalia  re- 
late to  these  instruments.    The 
Nfc  sas.  N*.  M.  two  figures  there  given  are  hol- 

low spheres ;  a  small  circle 
rtMind  the  bottom  being  perforated,  and  a  minute  orifice  near  a  ring  or 
handle  on  the  top.  In  one  there  is  a  partition,  so  that  two  different  liquids 
could  be  contained  within ;  and  wine,  or  hot  and  cold  water,  discharged 
«•  ooe  at  the  other  of  the  orifices  at  the  top  was  uncovered. 
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Ftre-EngiMe*  and  Bdiowt  Pumpt,  pp.  241,  331.  No.  S84  is  a  baUows 
or  frictionleu  pump,  from  the  first  edition  of  BaCe'i  Mysteries  of  Nature 
and  Art  It  ii  idenucel  witK  the  fire  engine  referred  to  in  our  third  book, 
except  being  placed  within  an  open  frame  instead  of  a  cistern  fixed  upon 
wheels.  For  iu  description,  see  pp.  321-2.  (The  leathern  bag  whicb 
connected  the  two  brau  vuseli  ia  not  fibred  by  the  old  artisL) 


Na.iS(.    (M  rHettonlMi  or  bcUon  psap,  A.  D.  Ha 

Water-  Wheel*,  p.  382.  There  are  indications  in  the  Iliad  that  Vulcan 
used  water  power,  and  that  it  was  by  the  dextrous  concealment  of  it  anil 
the  mechanism  by  which  it  was  transmitted  that  enabled  him  to  excite  in 
so  high  a  degree  the  astonishment  of  his  contemporaries,  and  to  give  nje 
W  those  wonderful  stories  of  his  skill  that  are  even  yet  extant.  When 
engaged  at  the  anvil  Homer  represents  him,  like  a  modern  smith,  with  a 
single  pair  of  bellows.  Thus  Thetis  found  him  "  sweating  at  his  bellows 
huge  ;"  but  in  other  scenes,  he  is  exhibited  rather  as  manager  of  exteniive 
forges  for  the  reduction  of  metals ;  the  fires  being  urged  by  a  large  num- 
ber of  bellows  moved  either  by  water  or  some  other  inorganic  force.  Like 
a  superintendent  of  modern  iron  or  copper  works,  ordering  the  beI)ows 
to  be  thrown  into  geer,  and  the  blasts  increased  or  diminished  as  circum- 
stances require :  so  Vulcan  "  turning  to  the  fires,  be  bade  the  bellows 
heave ;"  then  * 
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Of  Vulcan's  numerous  works  none  were  more  celebrated  by  the  ancients 
than  the  two  andrmdi  which  assisted  him  at  the  anvil.  They  were  ohvi- 
oosly  nothing  more  than  ingenious  devices  for  concealbg  the  mechanism 
by  which  motion  was  communicated  to  the  sledges  they  held  in  their 
liands  : — in  other  words,  mere  trip  hammert,  and  worked  roost  lik«Iy  by  ft 
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distant  vntter-wlieel.  Tbe  rods  or  levers  whicli  communicftted  the  motion 
irere  probably  concekled  under  the  floor,  and  terminated  at  the  feet  of  the 
fiffures,  while  Vulcan  could  easily  throw  them  in  and  out  of  ge^  unper* 
(»ived.  It  can  readily  be  imagined  what  the  effect  of  two  well  execoted 
working  images  of  this  kind  mutt  have  been  in  early  timas. 

Eolipilet  for  Futing  S&talt,  p.  AB7,  The  surpriaing  effects  produced  in 
modem  days  by  steam  and  those  more  important  ones  which  it  i*  destined 
hereafter  to  accomplish,  %vill  always  render  examples  of  its  early  employ- 
ment in  the  arts  interesting.  The  use  of  eolipiles  as  bellows,  like  that  of 
atmospheric  sprinklers  for  watering  pots,  has  long  been  discontinued,  and 
both  have  almost  passed  into  obliTioo.  We  shall  ferefore  offer  no  apolo^ 
for  inserting  the  following  addiUonal  illustrationa  of  the  use  of  the  former  m 

' times.     No.  285  is  a  steam  blow-pipa  from  the  2d  edit  of  John 

vork.  His  description  forms  an  admirable  comment  on  Wilkins's 
observation,  (p.  396,)  that  eolipiles  were  used  in  melting  glass  and  metals. 
This  remark  of  the  bishop  has  been  quoted  by  several  writers,  but  not 
one  has,  to  our  knowledge,  endeavored  to  show  bow  steam  wu  thus 
applied,  although  every  mechanic  on  perusing  Wilkins's  book  would,  like 
ourselves,  feel  anxious  for  informadoa  on  the  lubject 
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HihM.    BoUriteBxilHiUowlH.  Ko-tBl    E*llpU* hr IMv MM)*. 

The  first  figure  consists  of  a  lamp  and  a  copper  ball  or  eolipile,  placed 
on  and  heated  by  a  fiimace  or  brasier.  The  apparatus  is  named  "  a  device 
to  bend  glaase  canes,  [tubes,]  or  to  make  any  small  work  in  glasse."  "  Let 
there  be  a  vessel  of  copper  about  the  bignesse  of  a  common  foot-ball ;  let 
it  have  a  long  pipe  at  the  top,  which  must  be  made  so  that  you  m^  up<« 
occasion  screw  on  lesser  or  bigger  vents  made  for  the  purpose.  Fill  this 
one  third  part  with  water,  anil  set  it  over  a  furnace  of  coals,  as  "B ;  and 
when  the  water  begtnneth  to  heat,  there  will  come  a  strong  breath  out  of 
the  nose  of  the  vessel  that  will  force  the  flame  of  a  lamp  placed  at  a  con- 
venient distance,  as  A ;  if  you  bold  your  glasse  in  the  extension  of  the 
flame,  it  will  melt  suddenly  ;  so  you  may  work  what  you  will  thereof." 
Bate  observes,  that  some  persons  insteaa  of  this  apparatus  used  a  pipa 
(the  common  mouth  pipe)  fastened  on  a  bench  between  a  crotched  sdck, 
as  figured  at  C.  He  himself  occasionally  employed  this,  but  considered 
it  not  so  convenient  as  the  eolipile.— ^Mysteries  of  Nature  and  Art,  Loud. 
1635.) 

In  1650,  Dr.  John  French  published  "  The  Art  of  Distillation,  or  a 
Treatise  on  the  Choisest  Spagyrieal  Preparatians  ....  with  descriptions 
of  the  chiefeat  furnaces  and  vessels  used  by  andaU  and  modern  chemists." 
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Of  old  device!  three  eolipites  are  figured  :  one  ii  prsowaly  tiw  tMtae  m 
ftbore  described  by  Bate.  French  obeerrai,  that  it  "  blowi  a  cuidle  to 
make  tl)«  fiame  thereof  Mrong  for  the  melting'  of  ^aaaaa  and  nipping  thera 
up."  No.  286  is  another  for  foflins  metali.  A  large  eolipile  ii  pomM- 
nently  connected  to  B  Inmace,  the  buBt  being  conveyed  through  a  brick 
walL  The  following  is  all  that  he  mvb  reapecling  it :  D  "  ngnifies  that 
which  blows  a  fire  for  the  meldng  of  any  metall  or  auch  like  (^iMion, 
■nd  it  blowa  moat  forcibly  with  a  terrible  noise."  The  water  was  iDtro* 
duced  through  an  opening  at  the  top.  E  ia  a  portable  eolipile  to  be  held 
in  the  hand,  and  tie  blut  applied  to  fixed  objects.  It  appeora  from 
French,  and  also  from  Ercker's  work  on  Metallurgy,  that  eolipilea  when 
used  for  blowing  fires  and  fuaing  metals,  were  formerly  known  aa  TJU 
Philotophioal  BHUrwi,  a  circumstance  that  renders  their  disappearance 
from  modem  writings  still  more  singular. 

Since  the  insertion  of  illustration  No.  185,  we  have  met  with  an  Eng- 
lish tmislation  of  Ercker's  work,  bv  Sir  John  Fettus,  "  of  the  Society  of 
the  Mines  Royal,"  tinder  Charles  II.  but  who  appears  to  have  denved 
little  wealth  from  mining  speculadons,  since  he  rendered  Ercker's  book 
into  English  while  confined  in  prison  for  debt  The  translstion  is  illna- 
trated  with  fine  copperplate  engravings,  and  a  dictionary  of  technical  terms 
is  subjoined.  Under  the  word  btlhuii,  Pettus  mentions  the  "  philosophical 
bellows  ;"  the  common  smith's  bellows,  and  very  large  ones  that  were 
worked  by  water-wheels,  and  which,  he  observes,  were  made  "  in  imita- 
tion of  the  nature  of  a  eoa  hetut,  which  in  drawing  in  and  forcing  out  her 
breath,  is  said  to  bdlow" — a  quaint  definition  of  bellows,  but  one  which, 
we  believe,  gives  the  true  etymology  of  the  word.  Of  the  antiquity  of 
"  philosophical  bellows"  there  can  bo  little  doubt.  They  were  probably 
used  by  the  fancy  glua-blowers  of  Egypt,  Greece  and  Rome,  as  well  as 
by  other  artists  in  the  reduction  of  metals.  The  transition  from  blowing 
ordinary  fires  with  eolipiles  to  such  operations  was  obvious  and  ean. 
There  is  a  passage  in  the  book  of  Joshua  which  aeems  to  refer  to  the  early 
use  of  them.  In  one  of  the  contests  of  that  vrarrior  with  the  Canaanites,  it 
ia  said  he  chased  them  to  "  Miarephoth-maim" — a  word  signifying  "  b»m- 
ii^t  of  water*,"  and  "Jiintacet  wkere  metalt  are  melted."     A  place  that 

Srohably  derived  its  name  from  extensive  forges  that  were  urged  by  blasta 
'om  eolipiles. 
Charging  BolipUe$  hy  Atnuttpkerie  Preatmre,  pp.  395,  407.  Dr.  French 
observes,  "  You  muat  heat  them  very  hot,  then  put  the  noses  thereof 
(which  must  have  a  very  small  hole  in  them,  no  bisger  than  a  pin's  head 
May  go  in]  into  a  vessel  of  cold  water,  and  they  will  presently  suck  in  the 
water."  Roman  eolipiles  were  charged  in  the  same  way,  as  ia  clear  from 
their  description  by  Vitruvias,  for  they  had  hut  one  opening,  through  which, 
be  says,  they  were  filled  with  water,  and  out  of  which  the  blast  issued. 

EtAi^iiie  Fire-Blotem  and  IdoU,  pp.  398-400.  In  addition  to  thoss 
passages  of  Scripture  which  we  have  sopposed  alluded  to  eolipilea,  a  few 
Others  may  be  named.  The  sacred  writers,  it  is  well  known,  often  con- 
trast the  power  and  other  attributea  of  God  with  the  impoteney  of  idols  : 
to  adapt  their  instructions  to  idolaters,  they  represent  the  Almighty  as 
excited  with  anger,  wmth,  fury,  &c.  apparently  in  reference  to  such 
passions  being  exhibited  (as  we  know  they  were)  by  idols,  and  particu- 
larly eolipilic  idols.  Why  should  God  be  represented  as  blasting  or 
consuming  men  with  streams  of  fire  from  his  mmtth,  and  with  smoke  from 
bis  MHtrilt  f  kindling  coals  by  his  breath  7  Why  is  his  anger  said  to  nuke. 
to  bum,  to  Mwti  \ot,  kc.  if  it  be  not  in  reference  to  auch  idols  as  Pus- 
terioh,  or  those  images  deiertbed  by  Carpini  I  "By  the  blast  of  God,"  says 
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Job,  "  tlm  wioked  iwruh,  Bnd  bv  the  brauh  of  )dt  nottrib  are  tliej  eoi^ 
rained,"  t.  e.  as  hel  on  die  beftru  u  eoDMmed  b;  the  blait  of  ma  eolipile. 
The  PMJmist,  deacribinr  God,  laya,  "  there  went  up  a  mioke  out  of  hia 
noabila,  and  fire  out  of  his  mouth  ;  cottlt  wen  kindled  by  it."  "  Behold 
[aaya  Isuafa]  the  name  of  the  Lord  cometh  fnHn  far  burning  with  hia 
an^r,  [or  the  grievwuneM  of  fiame  aa  the  margiu  hai  it,]  his  hpi  are  full 
of  indignatioa,  and  his  ton^e  m  a  devoiuing  fire;  and  his  breath  as  an 
OTerflowioff  stream  shall  roaeh  to  the  ntidat  of  the  neck."  Again,  "  To- 
phot  it  ordained  of  old,  yea  for  the  king  it  is  prepared ;  he  h^  made  it 
deep  and  large :  the  pile  thereof  is  fire  Mid  much  wood,  the  breath  of  the 
Lord  like  a  stream  of  brimstone  doth  kindle  it" 

It  appears  to  us  diat  here  and  in  limilar  passages  are  allusions  to  eoU- 
piles  of  the  human  form,  and  to  such  images  as  PnMerich,  from  whose 
ereSi  mouths  and  nostrils  issued  streams  of  flame,  smiAe,  steam,  ten. 
Perhaps  it  will  be  said  the  expressions  are  jtgvratioe  :  true  they  are  ao ; 
but  then  there  is  in  them  an  allusion  to  the  thi»g»  from  which  the  figures 
ftre  derived.  When  Ood  is  said  to  miit  his  people,  to  r^ne,  to  take  «wvg 
the  droii  from  them,  erery  one  pereeives  the  allitnons  to  metallui^ical 
operationB,  beeaose  audi  operatians  are  known  to  all ;  and  equally  clear 
'Would  the  passi^ee  qnoted  above  appear  had  eolipilio  blowers  and  idols 
contmued  in  use  to  our  times.  We  ^ould  then  have  perceived  that  such 
expressions  as  the  ncord  t^  lis  nwmlh,  tmrrd*  of^fire,  Jlatmng  tvordt,  But. 
were  neither  of  Gguradve  ori^n  nor  apphtation  only ;  for  from  the  variety 
of  eolipilic  imaeea,  there  is  linle  doubt  that  iuQammable  finids  were  aw& 
to  issue  from  different  parts  of  them,  and  in  various  8hape»-~from  their 
mouths  as  tongvet  of  fire,  and  From  the  hands  as^mw^  nootdt,  Ice.  We 
know  that  ancient  pneau  were  ezoeedingly  expert  in  working  prodigies 
by  inflammable  fluids,  of  which  numerous  examples  might  be  quMed. 
When  Octavius  was  in  Thraoa,  he  consulted  the  oracle  of  Bacchus,  u>d 
the  ministers  of  the  temple  finding  it  their  interest  to  gratify  him,  con- 
trived that  when  the  wine  was  ponrod  on  the  altar,  a  body  of  flame  should 
Imrat  out  and  ascend  above  die  roof  of  the  temple;  a  portent,  observes  Sue- 
tonius, "  that  had  never  happened  to  any  but  Alexander  the  Great,  when 
he  wet  sacrificing  atthe  same  altar."  They  could,  of  oourse,  as  easily  have 
made  the  flame  dart  from  the  mouth  and  eyes  of  sn  idcd  as  irom  the  altar, 
if  their  views  had  so  required  it. 

But  if  it  should  be  contended  diat  the  passages  quoted,  nthar  gave  rise 
to  idols  like  Fusterich,  i.  e.  were  faints  which  heathen  priests  worked 
from  in  order  to  produce  or  imitate  the  same  effects,  it  will  not  afibot  the 
inference  we  wish  to  draw  from  them,  viz.  theontiquity  of  steam  and  vapor 
images.  In  connection  with  thia  subject,  it  may  he  obeervad,  that  the 
famous  Paltadinm  of  Troy  was  probably  an  eolinilie  idol,  in  which  toflam- 
msble  fluids  were  used ;  for  on  certain  occasions  Jlathet  ^  Ji/rt  darted 
from  t'tt  qwt,  as  from  the  month  and  forehead  of  Pusterich, 

If  biblical  eritios  would  pardon  our  temerity,  we  would  also  augrest 
that  the  Iiaret  or  images  whieh  Rachel  stole  from  her  father's  dwelhng 
were,  like  the  small  Saxon  idol,  (p.  38S,)  and  those  referred  to  in  Isaiah, 
(p.  400)  eolipilic  fire  blowers.  They  hcve  exceedingly  perplexed  coib- 
-mentators,  wtio  sflar  so^esling  numerous  explanations,  generally  conclude 
by  observing  that  their  nature  and  uses  are  unknown ;  bnt  had  these 
writers  called  to  mind  the  ancient  employment  on  the  domestic  hearth 
of  braxen  eolipilea  of  the  human  form,  they  would  have  perceived  that  the 
name  of  Laban's  images  gave  an  indication  of  what  they  were.  In  all 
SBoient  languages  proper  names  were  invariably  expressive  of  son*  f>ro- 
tunsBl  feature,  attribote,  or  design  of  the  objects  mmed :  so  <^  tMse 
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images— the;  were  named  "  lertytkim,"  s  word  Kgrnffing  **  hUnoert,"  from 
teraph,  "to  bloio."  So  alio  the  eoljpilic  idol  Puiunch  wu  named  from 
piulen,  "  to  blow."  (See  p.  399.)  £olipilei,  like  die  Larei,  were  located 
on  the  hearth,  and  as  they  were  avowealy  made  uid  named  after  a  fi;od, 
(Eolus,)  and  were  deiigned  to  imitate  him  in  prodacing  blaats  of  wriod, 
(Varro  makes  the  larea  gods  of  the  air,)  it  was  nuanl  enough  to  adopt 
them  oa  household  deities.  Bachel  was  evidently  an  intelligent  and  very 
shrewd  woman ;  and  as  we  have  no  reason  to  suppoae  she  was  an  idolsC^ 
after  having  lived  twenty  yean  in  the  same  house  with  Jacob,  (if  indeed 
she  ever  was,)  it  is  not  at  all  likely  that  she  coveted  the  images  as  idol*, 
but  only  as  domestic  utensils  of  real  utility — •utensils  which  she  had  long 
been  in  the  habit  of  using,  and  such  as  were  highly  desirable  in  setting  up 
fanusekeeping  for  herteli. 

JtxpoisMW  Fom  ^  SUam,  p.  409.  The  Stoics,  says  Plutarch,  attn- 
buted  earthquakes  to  aqueous  vapor  generated  within  the  earth  by  subter^ 
ranean  heat  (Opin.  Fhilos.)  No  stronger  proof  that  the  ancients  were 
famiUar  with  the  force  of  steam  could  be  desired  :  the  idea  could  never 
have  occurred  except  to  men  praeucally  acquunted  with  the  irresistible 
energy  of  this  fluid  when  confined.  If  by  no  other  means,  we  may  be 
sure  they  had  frequent  proofs  of  this  energy  in  the  ruptnre  of  eolipiles 
when  their  vents  were  closed.  The  hypothesis  of  Plato  respecting  tbe 
conversion  of  water  into  air  and  firt,  (mentioned  below,)  shows  him  to 
have  been  a  close  experimenter  on  steam  at  different  temperatures.  Tbe 
old  theory  of  boiling  springs  being  forced  from  the  interior  by  steam,  im- 
plies also  an  acquaintance  with  devices  for  raising  water  by  iL 

IdattUy  of  SUam  and  Air,  pp.  395-400,  418-421.  This  erroneous 
opinion  doubtless  datea  back  to  the  early  sees,  during  which  it  led  to  the 
invention  of  eolipiles,  and  to  the  ^fint  mecnanical  application  of  aqueous 
vapor,  viz.  to  bloui  fira,  instead  of  wind  from  bellows.  It  is  aingnlar, 
however,  that  such  an  opinion  should  have  been  maintained  at  so  late  a 
period  as  the  close  of  the  17th  century — that  modem  as  well  as  an- 
cient philosophers  should  have  taught  that  water  rarefied  by  heat  was 
converted  into  air,  and  that  air  condensed  by  cold  was  returned  into 
water.  Besides  the  snamples  already  given,  we  add  a  few  more.  Of  the 
elements  into  which  philosophera  formerly  resolved  all  things  materia), 
viz :  earth,  water,  air  and  fire,  Plato  suspected  the  last  three  were  bat 
modificationa  of  one ;  at  any  rale,  he  supposed  they  were  convertible  into 
each  othei^— that  water  attenuated  by  heat  was  dilated  into  air,  (steam,) 
and  that  this  by  a  higher  temperature  became  an  invisible  and  glowing 
fluid  or  fire.  (Plutarch,  Onin.  Philos.)  Fluureh  himself,  in  his  Treatiae 
on  Cold,  observes,  "  aire  when  it  doth  gather  and  thicken  ia  converted  into 
water,  but  when  it  is  more  suhtile  it  resolveth  into  fire  ;  as  also  in  tbe 
like  case,  water  by  rarefaction  is  resolved  into  aire."  Plinv,  in  speaking 
of  winds  says,  "  aire  is  gathered  into  a  watarie  liquor."  The  sweating 
of  walls,  breathing  on  glass,  moisture  on  the  outside  of  a  tumbler  of  water. 
See.  were  considered  proofs  that  cold  condensed  air  into  water.  Lord 
Bacon,  in  his  Sylva,  Expers.  S7  and  76,  speaks  of  "  the  means  of  turning 
aire  into  water,"  and  Exp.  91,  relates  to  "  the  version  of  water  into  aire." 
Norton,  (a  conteroporaiy  of  Bacon,)  in  his  "  Rehearsal  of  Alchemy,"  versi- 
fies the  old  doctrine  thus  ;— 

And  w"  " 

fFimd-MSU,  p.  418.  These  were  known  in  England  in  the  13th 
eentury.    At  the  batde  of  Lewei,  A.  D.  1264,  "  there  was  many  a  modre 
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wmne  bro^t  to  groande  utd  the  kynge  of  Almayne  vi«  taken  in  a  mpuU 
MyUe." — (Heonie's  Glosauy  to  Peter  Langtoft's  Chronicle.) 

hudligatee  of  Aximait  txemplijied  in  Raiting  Water,  p.  74.  Plutarclt 
ID  hi*  eomparison  of  land  and  water  animola,  Mys,  oxen  were  employed 
in  raiaing  water  for  the  king  of  Peraia'a  gardens  at  Sum,  "  by  a  device  of 
wheela  whioh  they  turned  about  in  manner  of  a-windlaw."  Each  ox  wu 
required  to  ruse  one  hundred  buckets  daily,  and  at  toon  u  that  number 
waacompleted,  no  efforts  of  the  attendants  could  induce  him  to  add  another. 
Attempts  were  made  to  deceive  the  animals  but  without  effect,  so  accu- 
rately "  did  they  keep  the  reckoning." 

Jtimritmuitg  Chairt,  p.  429.  Such  derices  are  very  ancient.  The  Jlrtt 
proof  of  Vulcan's  mechanical  ingenuity  is  said  to  have  been  a  throne  or 
duir  of  gold,  with  secret  spnngs.  Tnis  he  presented  to  his  mother,  and 
no  sooner  was  Juno  seated  in  it  than  she  felt  herself  pinioned  and  un- 
able to  move.  The  gods  interfered,  and  endeavored  to  release  her,  but 
without  effect ;  and  it  was  not  till  the  artist  Iwd  sufficiently  pnniihed  her 
for  her  want  ofoffectioD  towards  him  that  he  consented  to  let  her  go. 

Nabia,  the  tyrant  of  Lacedemon,  had  a  device  for  extorting  money  from 
the  wealthy.  It  wai  a  statue  of  a  female  clothed  in  rich  apparel.  When 
■ny  one  rehised  to  part  with  his  wealth,  the  ^rant  introduced  him  to  tfaa 
image,  which  by  means  of  springs,  seized  him  in  its  arms,  and  put  him  to 
the  most  excrvciadng  torments,  by  forcing  numerous  bearded  points  into 
his  body. 

Rotary  Ptaapg,  EatipiUt,  Statm-Qmu,  Aeo.  In  "  Mathematical  Recrea- 
^ns,  or  a  collection  of  sundrie  excellent  problems,  out  of  ancient  and 
modem  philosophers  ;  written  first  in  Greek  and  Latin,  lately  compii'd  in 
French  by  H.  Van  Etten,  and  now  in  English,  Lon.  1674,"  is  a  rotary 
pump  aimdar  to  the  one  we  have  figured  at  p.  285  :  it  is  named  "  a  most 
■OTerugD  engine  to  cast  water  high  and  far  off  to  quench  fires."  A  goose- 
neck li£»  tkMC  now  tued  is  also  figured— alio  an  atmospheric  garden  pot 
—magic  caps — three-way  cocks— ear  trumpet*,  and  eolipiles.  Of  the  last, 
die  author  tayi,  "  some  make  them  like  a  ball,  some  like  a  head  painted, 
representing  the  wind — tome  pnt  within  an  eolipile  a  crooked  tube  of 
many  foldings  to  the  end  that  the  wind  impetuously  rolling  lo  and  fro 
within,  may  imitate  the  vrace  of  diuader— some  apply  near  to  the  hole 
smaD  windmills,  or  iuoh  like,  which  easily  turn  by  reason  of  the  vapon." 
One  problem  relates  to  the  "  charging  of  a  cannon  without  powder." 
This  was  done,  1st,  by  air  as  in  the  air-gun ;  and  2d,  by  stems,  the  latter 
fluid  to  be  generated  irom  water  confined  in  the  breech. 

<^ua  Mwnna  mentions  eoli|n]io  war  machines,  apparently  similar  to 
those  descriMd  by  Carpini,  (see  page  400.)  They  are  distinguished  from 
every  species  of  guns  :  he  oalls  them  "  brazat  h^ta  that  tpU  JLrt  i  they 
were  placed  upon  turning  wheels,  and  carried  about  with  versatile  engines 
into  the  thickest  body  of  the  enemy  :  they  prevailed  so  far  to  dissolve  the 
enemy's  forces,  that  there  seemed  more  hopes  of  victory  in  them  than  in 
the  souldiers." — (History  of  the  Qothsv  book  iz,  chap.  3,  Eng.  Trana. 
LoDd.l«6&) 
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Cwpcnter'a  tooleand  work,  SI  Daulalua,  inTentiona  ascribed  to  bin,  168 

CaHhagwiian  well«,17,  38  Damaakiog  linen,  333 

Cait  iron,  368, 563  Danaui, carried  pnmpa  (o  Greece,  130 

Catotha  Ceaaar,  636  Danna,  anecdote  of,  U 

Canldroni,  19-41,  110,  161,  111,  3B7,  138,    Decuia,  319,  380,  410-13,  639,  633 

391,394  Delphiconcle,  141,  391 

Caoa.     8m  Decani.  Democritna,  raying  of  hii,  61 

,    Cawley,-484,  468  Demon*,  auperatitiont  reipecting,  313,483,631 

Cecil'*  motire  engine,  473  DemoalheDci,  his  lather  a  cutl^,  6 

Cement,  68  Da  Hoora'a  ateam-engine,  463 

Ceniriii^  pampa,33S,S30,390,19l  Dentan*,  nnecdole  of,  19 

Chaina,  goldsD,  161.  Wnteh,  313  Denguliert,  hi*  bncke^ennne■,  63,  66.  Re- 
Chain  olpott  machine,  131—113  maiki  on  Sa(eTy,460.  Sieam-engine,  461 
Chainpompa,  148—168,  667.     In  ahipa,  164—     Dials,  543 

161,  667  Digester*,  39S,  393,  446, 447 

Chaui  and  aeclar,  461  Discoveiie*  ia  the  arts,  way  lo  make,  360 

Chaita,  imprisonil^,  39,  673.    Ckne,  333  Diogenes,  buried  heels  up,  36 

ObemiaU' aipboiu,  636  tX*tairand  spindle,  183 

Chaawiu  pre**are  enguie,  3es  Diatilling,  381 ,  393,  401 

Child's  ratUa,  inTaBIor  of,  *B8  Dinnalian,  by  water,  S4,  36.  Withcnpa,  100, 
ChUi,  aqoedncts  in,  165  Wl .   With  fire,  383, 611 .     Staam,  Stt,  39t 

Q,jj„,^_.     ; / 1._    t—r..r    anc     ».        ^_j__.t.  ,■  ■      .  -J. 

483, 


aja,  increuuig  itta  dnft  of,  186, 4S>,    Diiing  abjps  and'appuitu*,  430, 4^1 
wa  Dopm lr£ad  wb^M, lb 


,.5lc 


tkm,rt,m  f 

DMmindg«t«f,M»w»iv,BM,I6»,fiH  Fmy«'*U,in|mirad  (rmpMUklll 

DaTMailiM,  KI,  MS  Feut  of  Cu»,  uptaooi  nud  •■,  SIT 

ItowrT  of  Sapio^  dughur,  111  Fcmaki,  emplojawDt  of  mcmU,  S£* 

PnwiuwatM,iavMMlMarMukMM,St,  FMu>tU<eiiawMiiuikMMdwi(hAdrnm, 

tSlTraS  Bi.    Fonnil  im  tkclcton*  in  PMnpeii,  19 

DnbU«,C.  l88,atS,S81,4S0  Fin.madMorobUkiiDfii.in.  8Mml,ig«, 

DriiAN[T«Meli,4,il,li— 1S,1II,IM,JQ6,  171.    Soptntilioni   ictpeclhig,   SII-~3I4. 

WO^  ProUctngbaildiiipfiDiD.XM.MB.  Gnek 

I>rap*ofli«U,611  fira.Stn.    Lin  iMMciiag,  361.    SmImf 

Onippiq  tuba,  IM  mMr  by,  ^4— SM,  A\$,  419,  431,  44C 

Dnilu,  St.  IM,  106.    Adnit  trick  of  hit,  Eiidliis  oa  alUn,  383,  K4 

IDT  Fit«  e«C«ptl,  360 

DDleh«caop,9S.    FiM4BgiaMUidlu)M,3t8,  Rr-roghw, 3M    3«,6T8 


IhralliBn,be»tcdbr>t«un,4Tl.    FonMiu  Fin-plMM,  4I» 

ta,  ncMMM^ad,  Ml,  640  Fiah,  idiu.  SI,  8T,  18L    Nau,  fifiO.    Wt> 

B  Fit^,  Join,  494 

lu-tnmpati,  TIB,  073  Fltitenn,  tnuatf  me%  of  seiMca,  US,  M 

BoclcBaMei,  ■  be  puma  ia,  ilhMnUd,  Flic*,  corioo*  mechBoum  of,  ISt,  ISS 

m  FlraSi  >03, 101,314,430 

■cdniuties,dBTicei(ir,  lOS-loe,  383-er,  Flf-iAMb,  STU,  «St 

tai,  386—400  FloM*  for  HMin-baacn,  471 

EddnMa«ligbt.b«iw,tf8,8»,3ST  FMd,  Rabm,  96,  IM,  >1*>  3M.  W 

brpii  Umi  of,  wbu  It  wu,  SS  Farciof  pmnp*,  M> 

^ptna  mill,  M-aS.     OBUmu,  34,  "IS.  Fotk*d«riraa  frMB CUat,  XL    Thaii  ONti 

^i,83,8T.    Hora,  lit.    Blndoof,  94,  ».  Borape,  M— 18 

Menttl,S6.ClwiBafpoM,IM,l3l.  Scnv,  FoniSuUnn,  kmi>T»Ua«K,430 

141.    Slpboo*.  616.    aepndrv,  644,  atl  Fortoiw,  whatl  ef,  MB 

GoldHj|hi,M4.    FiK««»,10T  F(»nUii»,17,S3, 14,  36,  4I,4S,4S,  llt,ISL 

~    "         Id  dsiicM,  ai,  in,  »3,M1,  314,  170.    Aniflcial.  30,  Wt ,  370, 446, 611— 641 
Fonataia  lunpi,  Ac.  193 
Fotdng  voaipa,  Ml    til 
FnnciBi'*  hoektt  ■aebiac,    US 

.. ^ ._  ^ -»— -ti  Tnncouf  ftt#«m  fUArJiinii.  4M 

^plo7«il  toMcieaivMi,  101,  Ko.  F^ch   i 


W3.  EmploT«i]  toMciealVMi,  101,  K6.  Fnnch  innniiaai.  8w  frtfut.  W*tN^ 
IlelciTMltolnABollodarw,S3e,3H.  Dn-  wnb,  177,  1S6-H»S.  Fira  wmM,  »T^ 
«fiM>od8cBKrbTHuMi,30S.   PortiUa        3H-S31,  ^ 


1,91^1. 

it»:ett|uu,  338,  34^!!^  FdUoi,  Robtrt,  369,  4S4 

BafllMk,  ki(«MkM  ot  to.     Sm  •r«bM.  FnM«,TI.    Fntae  wfodkn, W— 71 

IVUat-WHfci.  »4— iw    FinwiM*,  MO,  Faiaie  hupineM,  enoMOM  n««  oT,  SM 
331—336.     SUHMnfiMa,  410,  4IT,  466, 

486                                         '  O 

loliu  bup,  104  GainiH  and  kMmg  baclut*,64— 66, 118 

BalipilM,>a  •BU«awtiod«Tio«,MI.    From  Galileo,  104,  )t7, 188 

Bcnm't  Spiritalia,  394.    For  blowM  BrM,  Gama,  aDcm(,8l 

396— «00,aT3.    Iaerawii«  draft  oTcUm-  OardlaMO,  ICT,  170,  609 

■an,  385,  401.    Diffalins  perfnM*,  401.  Garden*,  EnMiu,  101.     1 

FrodiMiBf  moie,  40t.    FMon  aalab,  WT,  Meinan,  163,  61T.     Peruiiu,  m.     iw 

669,670.    la  Ike  hnnu  IbiB,  398,  309.  Ma,63£    ItaliMi,  &IT.    Penm,  G38, 679 

DMdiimr,400.    Chmlnt, 386,407,  610  i1<iM^,63» 

EoUplbe  idali,  MS.  409, 67D  Gardea  Mariaf  aMt,  194,  196,  6tT,  S7& 

Eolua,  |Bd  of  wimfa,  406  GirdtB  nrriana,  961 

"-•■ '— ' -"-n  vA  d<»R,  ckMtd  by  Mchuny.  SM 


^iftanV,  aacirBt,  »b,  037  Ganb,  36.    Iwlaeed  M  iintde  IUm V 1^ 

£rci«n,  blowiar  rolipile*  bom,  tOT,  610  mon  of  a  Muith,  It 

Ena«,  Wvm,  4H  Gceie,  in  (read  wheeli,  75 

D atioaofwalar  &on  theeartk,eoe  Gcmtiom,  8l.  91 

V%  aiaaiitpn  oa  nMif  water,  Itf.  fleaHina^  eosiae,  469 

e  of  pnpelW  tmab,  406.    Blowipc  Oerbrat,  101,  WI 

>,  4W--I9C    SpiMdH   tnbe^    4»t-  Gannanmail,  118.    BcUowt paap, 907.   Fir*. 


EnporatiDQ  of  water  &on  the  eartk,  606 
IwbwA'iaij  -■ 

Mode  of  pi 

tabaa,  484- ., ,    _. ,_„,..    .__ 

604.    HadeofanponiiacliqaidiiBraeDa,        eagioei, 3 ifl, 313— 8M.  Cennan iaveatiaok 

496.    ■vpetiBeataoB  theToro»or>Bp,6g8.        " '- 

Hl^draftarcliuDn(7i,488.  Ven- 


eataoB  the Toroeof  ■■p,6g8.        Snrtma. 
lBC9eariagt]wdraftarcliuini(Ti,488.  Ven-    Ge«wr,KI 
£uiR|«MpaMdaMMt,488.   8ipkaM,617,    CefMn,  411  607 


:uiR|«liipaMdaMMt,488.   8ipkaM,617,    CefMn,  411  607 

S.    fiiphoa  coeki,  037.     Tubolar  tkIic,    Glan,  pabilioE  on,  4.    bciaa  far  WMhhtt 

i6.Blidiag<««ka,M0,661.  TiaDBdbadtB        V&.    Mimn,  111.    Glaai  tomboT  Bd«S 

Goo»^lc 


Biplawa  of  boiJen,  3B1  Glan  tnbat,  corioat  molioB  of,  i 

l4kwit«iDalin>iIMW,4t],4SI^4n— m    0)aMai>tnM,iMi«aitTof,664 

73 


878  ranz. 

Glmber,  dcrlce  of  Ui,  440.     Salatj  vdTN  Hoor-tluM*,  64fi,  MT 

vwdtrhJDi^l.    WDodm  boilns,  470  Hom  pipn,  3(M,3W— 3IS,BIS 

Glue,  inciral,  S7,  UooM  wanniu,  3T 

Out,  the,  ■  bait  bailder,  KS  Hudibnu,  163 

Gous  employed  in  iread  whMli,  161.  BUiIm  Bdmeanaf ,  comnNBca  M  the  lM«nd,  4S1 

belvMa,  see  HaTfhem,  441 

Goblets  farna«al«ama|ncfti,ai.   Ibfioli  HjdnDlic  belt,  137 


Oold-bratins,  87 

„_ii._. .    om.sia.ai* 

I,  nr,  im. 


HrdnulH:  ram,  XI — 371 


K-neckjaiDl,  307, 
te  br.  3U-1W 


GravitT.dupennoB  of  object!  BpiiBU,  Iti        Idoli,  SI,  106— 106.  Solipilie,  S88,  >99, 670— 
Gre«ce,  welli  in,  tT,  36.    Aatnoitie*  found        OTt 
ia  tham,  W.    Wtia  niMd  bom  them  bj    ImpoitDrei,  a,   106— lOB,  376— 37S.     8** 

GrNke,  t68  ImpruwiiDg  eliain,  OB,  fiTS 

Gr«».bonMi  bamled  b*  atMin,  471  iKuorPwu.    Aqueduct*  creeled  br  Iham, 

Ooife  cock*,  496  16»— IBS 

Ooaie,  meTcaritl,  4fil  iBcendioiM,  306,  350.    PaDuhioent  of,  3SI 

Ooemehe,  Otto,  181,190,416  lodit  iok,  W 

CvirMream,  477,  4TG  Indieu,  Aniancu,  fiO,  107,  ISO 

Gms,  ra|>eatini,430.    Air,  181, 191,370,179,    Inertia,  373,  003 
673.    Sleuu,  3»,  413,  It73  lulermitlina  iprinfi.  S06 

Gonpowder,    143,   ISS.     Knoini   lo    Roger    Inieniioni,  iMw  reilized,  3&9.    Few  leeord- 

" —      EaiiDN  rooTod  by,  441,  4W,         ed,  416.     Caow  of  itut,  417.     Adnnuna 

of  rtcnrdini  them,  453.     CeaUur  of,  64, 
._    .       ~.  -.   ^     .      _._         140,  S«a,  438— 438 

iToalora,  old,  concealed  their  diicoreriei, 
and  wtijr,  417.    Cuicatwed,  430 
■-'--  diKOTCTj  nf,  414 


Gotten,  for  ratting  water,  88, 91,  B>.   Bpoat* 


unpeoo'e  bain,  418  Iroa  Int  cut  in  Kotli 

iat\  waler-wnrki al,  116,  US  Iirwation,  S3    79,  SO, 

inier,  ita  origin  and  hialory,  e,  S  116,131,  131,163. 


AniOcial         of,  119 

Italian  mode  of 


Badcio'i  quicknlTcr  pump,  174,  S7& 

HameSlle,  441 

Heart,  the,  a  pomp,  KB  J 

Hegiioitnlai,  woodeQ  foot  of,  4  jBck,aldDameafamaB-aerTant,75.  Smoke- 

Hetepolee,  304  jadi,  ibid. 

Heliopalie  KinalBiDat,43,  49  Jack  of  Hilton,  a  Baion  aolipil«,  398 

"-'■ — ■■-*-—"'  Jack*  of  (be  clock,  B4S 
Jacob'*  well,  S&  «,  44 
Jwulator  fliti,  167 
Jantu,  89.     Alluded  to  by  Mom*,  M 

uu*,  qooLeo,  4,  11,  ja,  ■"  "■  *^   ■* 

■«,°a,  81,84,  96,  133,  34t,li»  d<»unu,  idi.oh— ihi 

Beroe*,  old  Biechanic*  the  tnu,  6  Jeweled  Ikile*  for  pilot*  of  watche*,  111,547 

Heron,  66.    Hi*  faanCiun,3ei.  Aii-audUBe*,  Jew*,  their  well*,  16,  S3,  34.   WueiiM  lud, 

S7a     AccoiBt  of  hi*  Spihtalia,  38S,  386.  86.    Their  an*,  133 

Eolipi1eilrom,394  Joeeph^  well,3a,  45— 47.    Dinokg  cnp,  *00 

Hieretlfphica,  American,  I S4  Joiephna,  quoted,  38,40,  64 

Hindoo*,  iheir  mode  of  drinbiir,  II.    Well*,  Jngglini,  jnnlen,  mariciiB*.  fte.  13, 10^- 

30,   33,  36,  38,  63.     Carmng  water,  84.  1%,  19B-401.3TB--W6,  6IB,611-«3 

IHcouh,  97.    Swinicins  buket,  BS.    Jeotu,  Javenal,  qaolcd,  19,  43,  111,  310,  311,  3U, 

89,90.    Syringe*,  360,361.  Water4!loeki,  377.    Baniihed,  48 

644  ' 

Hiie  La,  hi*  double  aetmg  jnmp,  S7I  E 

BoIt  water,  derived  from  ihe  nealheo,  166,  Einher,  on  the  ipeakins  Maine  of  Memnow, 

196,  386.    Ancient  me  for  eeJliDg  it,  387.  377.    BelloWB-piinip  I^m,  143.    Tnnicd  a 

IT*«1  in  coBiecrating  belli,  313,   314,  and  *pil  by  an  eolipile,  398.     Hie  mode  irf 

nrioa*  other  article*,  196  railing  water  by  ileam,  411 

Homer,  qooled,  19,  31,31,  33,233,  340,160,  Kitchens,  76.    Egyptiu,  337,338,  617 

636.    Kepta*choolatBciD,  131  Kite*,  bon>,  433 

BoDon,  title*  of,  abnrd  origiik  ofiome,  144,  Knire*  of  gold  and  edged  with  iron,  6.    Pom 

146,  445,  446  able  kniiei,  106 

Hookah,  370  Koran,  quoted,  10,  64, 117 
Bookc,  Dr.  441 

Horn  arabottdiBce,  119,  lU  L 

Horn,  drinking,  nyiog  MMMioK  it,  anbte-  LaUa'i  inagei,  671 

,    *>,«»             '^     '  I^den,pi«ultla,  3M,43I 


vGoo»^lc 
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LuiH,  !4!,S43,  431  bom.    BuAgrinU.aaM-f.SavtrfJftio 

Luum  ballon,  S37-HHa.     Pnmp,  M1,H1         amun,  Wtrctltr. 

Lwn.     Stt  IdaU.  Mimn,  87,  ISI,  ITS 

IiBMitl  comniiiniMiioa  of  mQlioD,  413 — 180  Moclach,  t  liiiir,  OS 

LkTErafbnw,e3T  Hamcniniii,  EH3,366,367,373.    Animtliban 
Law,  abu  Id  ihe  pregraM  of  Iba  uti,  417  t  knowlrdgcorii,  3GS 

Laid,  pigB  oti  Inden  roab,  coffiiu,  rolled  MonkiilheiriDnoiiilTaiid  iinifuuiiift,J04— 
la^,pipu,«c.  163,  Sills'"    "-  ""  •" 


Laidca  pipai  lina«d,  £6 
£«l1ur  pipel,  304,  33S 


>'lina«djj^   '  MontsolBrr'snm,  36S— 371 


Moon,  Wilkin'*  pnJFCl  to  reach  it,  IDS 
'     '  """     '    fli«  pump  taA  ipMikil 


Irfmin,  coDCBTc  uid  conTaij  380j  381  HortUnd,  Samuc 

Horej't  KiotiTa  *,.„. ,  ... 

Motion,  traoanilled  by  air,  448.    tnXtlJ, 


Laapold'*  FiT(-«ii«iB«*,    3W— 331.     Bteam-         irgmpcl,  973.    Binm-FUi 
: —  .an  mbh  Kanj'%  ootin  mgiM,  ili 


Uuical  michiiiai,  17,  381.    Su  EtlirCM, 


_«el,  sea 

Librarr,  loan  aodcililup,  147.  Alaxandrian, 

deslraycd,  41A  MotiYc  fnginn,  413,  471—414 

Liona'  hetit  on  cocki, jnllan,  Ito,  1 19, 667  Mouih,  varinin  operaiioiu  of,  477 

Liquor  uiiflTB,  IBS,  IW  "-  '    '  —  "-       ""    ""      "- 
Llama  of  Peru,  167 
Load-iume  Tor  euipeadiaf  uiR)nu*t>M,lK, 

141 

LobeleH*  tail,  mecbaDism  of,  158  N 

LocomoiiR  caniaget,  403,  413,  414,   473.  ITiamali,  Ihe  uippoead  isTntna  of  (pinaiac, 

Incrouing  draft  oT  chimnen  of,  387,  488  1B3 

LoDdoa  nler-worfc(,SS4^^Be,  3*1,434,067  Nabi*,  hi*  crmlly,  073 

Lookiif'^laeaea,  111  NaLional  raon tings,  403 

Lono,  quoud,  108,  IM,  MO  Nalaral  puap*  and  de*ic«>  for  raiaisc  limildSt 

Lonral  Taea  and  water,  387  109, 310. 156—356,  Me-6t3 
Neptune,  a07 

M  Nero,  bu  ptldeu  tiona«,  633,    Wiler-cloek, 

Macaroni,  kneadn^,  31  648 

HachiDB*,  wotktA  bf  th*  feel,  BO,  137—139.  Kela,  fiihins,  86,  87 

Warnuchines,  306  New-Anuterdaoi,  welle  in,  199.    Firea  aad 

MachiDeiarCt<«bbH,llS,19t,llS,lU,166—  fir«-wardfu  in,33S,  340 

17D,  647  New. York,  ninntn  of  common  council,  S» 

Madagucar,  bellowB  of,  148,  ISl  300.    Old  Ireaanry  nole,  300.   Fire-enginei, 

Hagtc  p>blrla,  618,  610  341—346 

Huiirt,>ncicDt  one,  143  NewcomcD  and    Cawley'i  engiae,  396,  464 

HalionieilBn*,  iradiuoD*  and  ODMomi  of,  IS,  — 488 

36,  W  Niuaia  lalli,  cnimili  of  air  at,  47S 

Mabooet,  10,  64.     Hi*  coffin,  143  NineTch,  veil  at,  36,  36 

Man.hitbodj  a  liiioitpanip,  167.    Hit  pMt  Nona, ChiiieM,  IIS.  Esjpiiao,  113.  Spaniilt, 

•nd  fatare  oonditioD,  SS8— 390,  BOB  114.   Ramiui,  113.    Sfrian  116.   Mexican, 

Hapco  Capae,  168,  173  163 

Haoflc,  CniwM.  90  Narembnra,iDlhelSthcentBi7,314.  CnrioM 

Manaaeripta,  106  report  of  Kugineori,  666 
MaHiwr^  compaat,  143 

Marli,  mm-mnk*  at,  M6-M  O 

Man,  Tepreaented,  308  Omar,  Ingie  of,  416 

Hanial,  qaoled,  fiSJ  Oracle  at  Delphi,  prediction  of,  141 

MaitodoD,  tradition  of,  166.     No  eitiaet  aiti-  Organt,  647—460 

mala  of  thr  ox  kind  thin;  loot  high,  110  Organ-makers,  pricHi,  401 


Mechaoics,  ancient,  little  known 

at  oftheir  wnrk*  and  work. 


OicillBtit 
-      ■     -J 

oiea,  11,11,  UK,  n>,  iiu 
*waUowiDg,  181.   Their  I 


lie  powen,  origin  of  *ome,  I,     Impl*.     Osiri*,  89.     Made  hi*  own  plnuah,  83, 131 
9,6,6  O*id,quoled.  11,13,  61,  76^110 


ehopa  woald  have  been  iaraluable,  4.  The  P 

iraaheroeiof  a1d,4,  6.    Formerlv  icBtpd  Paddlcvhccli,  464.     Their  antiqnitT,  406. 

when  at  worli,    139,340.     Adnnlagaii  of  Euhttitute*  far,  391,  406 

ttudying  the  mechaaum  of  animal*,  368.  Palladium  of  Trov,  11,  671 

CM  prietta  Bret-tats  mechanic*,  104,  401,  Paoama  chain*,  163 

441  Paper,  ChineM  mill,  90.    Hade  by  t»»m, 

Meehaniam,  nroUing,  1X2—984  3S8.    Eiperimenu  with  a  *heel  of,  488. 

Medea,  iaTcnlre**  of^wvn  and  Tapoi  bath*,  Mirbling,  393 

130  Flpin,   1.     Hi*  ai 

Medicine*,  quack,  190  Fiance  byreligic_.  ^. 

Meainoa,itatueor,377,40I  ditreaten, 447.    Safety val>e, 447, 461.  A 

Mercarial  gnage  and  *ar«ty  val*e*,  461  machine,  447—460.    KxplMiTe  enguie,  460. 

MataiK,  hammered  mlo  j^atei,  1,  3SS,  661.  Stram  tnaehinra,  460—461 

Siawn  into  wire,  1.     And  into  pip-a,  664.  Parabolic  jamb*  of  flre-place*,483 

Ancient  work*  in,  8,  87,163, 171, 657.     8n  Paris,  w»ler.wnrk*or,IS9-998.  Fire<ngina«, 

pi-tAue.  317—331,336 

Hatallic  mimTe,  111  Pascal ,  hi*  eiperimenU  Ou  ntmot^lelto  pnfr 

MeiieBB*,  34,  169—103  *ore,  1S9                        , ,     _ 
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b,  190,  SS3.    nan  limit!  knnn  « 
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PoliiilBM  founUMn,  a38,  MO  Pumpi,  forciai,  MB— 4S3.    eommDD  pmih 
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MOO  oMMili  of  gold,  ITI.     Aacieat  cttr  S93 
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-  ---■ r,93,    Bcovpvbad.lU 
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tiidl  exslaioed,  Ibid-  Tanar  neciomaiieT,  511 

aik,  wateriog  of,  913  Tnuni,  368 

BUrcr  pipe*,  eocki  and  ciMerai,  170, 667,  660  Teiapblm,  611, 671 

Slphou,  193,  I&3,  IIS,  MB,  614— 631.    Ca-  Teic«o,lBI.    Sappliad  with  water,  lIS 
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SU,113,aOV.3<n,31),}16  Tb(mialocli)a,43 

Snake  jacke,  '16  Theodoraa,  ot  Samoa,  6 

■BpkiBf  lobaeto,  170, 464, 47T  Third,  moiU*  af  qaemJilBg,  II.    SqfWaca 

«ew.inakiag,raiwwbTb]riteaiii,4l3,  414.  frani,  31,  31 
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factery  in  Ponweii,  ibid.  TbtcaU,  160.    luwalar.woAa,  160 

8oc>«t«,63T  Tobaoco  •mafciBt,  170,  464,  477.    Ki^iM  fa 
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alteoduf ,  611  Tolada,  aid  vater-worka  at,  194 

8al««aa,  culatM  of,  48  ToUaca,  160 

SMflenr,  604  Tool*,  6,  SI,  131,  ITS,  168 

■paajarda,  their  conqiMit  of  America,  liS  Taolhed  wheel*,  71. 11, 114,  111 

Spaaiah  pamp-maker,  uwcdoie  af,314.   Spa^  Tonuulat,  481 

niah  alnOMhip,  4ll9--tt6.    Cham  of  poll,  Torricclli,  187, 188 

M.    Bella,  SH  Toome-broeha,  76,  76,  666.    Eol^ilie,  W, 

BpeiUiw  tube*,  106,  107.    Trompel*,  >73,  386,  419 

S4llfMda,  106, 108, 377  Towen,  wu,  304 

8peclaclM,70  Tor*,  81, 166 
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■wtioa.  Ml,  Ml  Teni>1atiaaaf<niMe,di>pe,ke.4Bt 

-"                              '~  -        .           .        i,bj,4T8-48D 


,  Goo»^lc 
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649—647  4U 

Wauh  chaiin,  SIS  Winirnd't  veil,  inirmcli  at,  37 
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retpeciiiw,  97.    Reflrciioni  on,  48.    Tenti*  Tneataa,  Mount  walti  n,  164, 16S 
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Ancient    Am^rkan  well*,   60,    180—167.  Z 
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SUPPLEMENT: 


ORACULAR  AND  FIGHTINe  E0L1FILE8 


In  conMqnenca  of  a  auggeation  that  a  little  additional  matter  on  Eoli- 
pilic  Hutoraata  would  add  interest  to  this  volume,  a  fen  specimens  accom- 
panied with  cursory  abservations  are  subjoined.  The  figures  themselves 
constitute,  peihaps,  a  better  expoailioo  than  any  thing  which  can  now  be 
written  on  the  devices  which  they  represent — devices  onco  wielded  with 
terrible  efiects  by  both  sacerdotal  and  military  engineers. 

Like  extinct  natural  manaters,  oracular  and  warring  Eoltpilet  have 
disappeared  from  the  earth  and  left;  scarcely  any  authentic  vestiges  be- 
hinii.  They  baloneed  to  certain  stales  nr  conditions  of  society  which 
they  could  not  survive.  Indigenous  to  ages  of  darkness,  they  flourished 
only  in  the  absence  of  light.  Receding,  aa  civilisation  advanced,  it  may 
be  said  of  them,  sa  of  spectres,  they  flutter  at  dawn  and  vanish  as  soon 
as  tbe  sun  (of  science)  has  risen.  But  they  are  not  the  less  interestiog 
subjects  of  research  because  of  the  evils  diey  inflicteit  on  our  species, 
any  more  than  are  geological  remains  of  mammoth  beings  which  preyed 
on  inferior  tribes.  Antique  Eolipiles  are  in  some  respects  the  richest  of 
artificial,  as  fossil  bones  are  of  natural,  relics.  Both  are  unique  momo- 
rials  of  past  times — vivid  remembrancers  of  strange  beings  and  dark 
deeds.  The  former  afford  proofs  of  slupendoua  animals  reigning  as  mo- 
narchs  over  the  woods  and  waters  of  the  old  world ;  and  tbe  latter  re- 
mind us  of  moral  monsters,  preying  with  surprising  facility  upon  all 
classes  of  men. 

Pictorial  representations  of  idolatroos  and  fighting  eolipiles  are  ex- 
ceedingly rare ;  and  these,  few  as  we  find  them,  if  not  transferred  to  mo- 
dern pages  will  soon  be  irrecoverably  lost.  Those  which  follow,  though 
deplorably  iinperfect  and  ohscure,  will  be  acceptable  to  most  readers,  if 
not  to  all  Examples  of  the  employment  of  elastic  and  inflammable 
fluids'  under  singular  circumstances,  they  can  hardly  fail  to  elicit  tbe 
attention  of  inquirers  into  the  origin  and  history  of  motive  mechanism. 
They  may  afford  hints  on  old  and  lost  arts.  Nor  do  they  lack  interest  to 
general,  or  even  learned  readers  ;  for,  besides  illuatraiing  ancient  society 
and  manners,  they  reflect  light  on  the  darkest  passages  of  poetry  and  ro- 
mance: they  add  strength  to  the  conviction  that  much  which  ancient 
literature  has  failed  to  explain,  a  close  examinattoo  of  ancient  arts  taaj 
yet  render  clear.  Even  the  Eolipile,  simple  as  it  seems,  promises  to 
conduct  inquirers,  like  the  clew  of  Ariadne,  through  labyrinths  as  per- 
plexiug  as  those  which  puzzled  old  travellers  to  Egypt  and  Crete. 

Of  all  the  freaks  of  poor  human  nature,  idolatry  is  the  strangest ;  and, 
taken  in  connection  with  evils  springing  from  it,  the  most  infectious  and 
iatal  of  maladies.  Hitherto  ineradicable,  inexpugnable,  it  has  tainted 
all  epochs,  polluted  all  people.  Its  ravages  have  been  more  destructive 
than  war,  mors  distressing  than  famine.  It  has  been  the  fertile  source  of 
both.  Snperstition,  the  parent  of  idolatry,  is  peculiar  to  man,  unless  de- 
mcms  he  tormented  by  it,  which  ii  not  nalikety ;  for,  besides  ita  aasoci^ 
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tions  faeinij  truly  diabolical,  (it  has  every  where  erected  altan  to  Baals 
uid  fumlBhed  vicliras  to  Molocha,)  it  aeema  the  natural,  and  may  bo  the 
UQiveraal  puTiishmenC  of  mentul  dabaseraent.  It  ia  to  the  mind  what  pre- 
mature decrepitude  is  to  the  body — a  horrible  penalty  for  violating  a 
fundamental  law  of  our  nature,  for  stunting  the  soul's  growth,  for  not 
cultivating  the  intellectual  with  the  physical  faculties,  that  bodi  mieht 
expand  and  improve  together ;  that  infant  puerilities  might  be  succeeded 
by  youthful  intelligence  and  masculine  knowledge.  Insteatt  of  tbia, 
■uperstition  unites  dwarfed  and  crippled  minds  to  grown  up  bodies — ■ 
stocks  the  world  wilb  souls  blind  to  their  destinies  and  duties,  and  con- 
sequently to  the  great  purposes  of  existence  lott.  Where  else,  dien,  can 
•ucb  abortions  be  more  appropriately  consigned  than  to  the  hades  of  ig- 
norance— of  sottish  delusions — to  murky  regions,  where  the  sickly  ima- 
gination sits  an  incubus  on  the  prostrate  judgment,  and  visions  of  insanity 
are  reckoned  aa  realities ;  where  the  occupants  wander  among  shades, 
and  mutter  the  gibberish  of  phantoms. 

A  stranger  to  natural  causes,  startling  phetiomeDa  have  ever  filled  tbs 
barbarian  with  dread.  To  account  for  such  things  he  peoples  the  ele- 
ments with  imaginary  beings,  who  cmitrol,  as  he  supposes,  all  mundane 
■flairs  at  their  will.  Meteorological  commotions,  pain,  sickness,  death, 
and  every  public  and  private  calamity,  were  held  as  man ifestal ions  of 
ibeir  power  or  their  wratb  ;  hence  the  idea  of  propitiating  beings  so 
raif^hty  and  malignant ;  hence  idolatry  with  its  direful  progeny,  magic, 
divination,  necromancy,  and  their  congeners  ;  and  hence  too  the  rise  of 
those  astute  spiriia  who,  from  the  beginning,  have  subdued  the  mllliott 
by  working  im  their  fancies  and  fears — who  have  raised  themselves  into 
gods  and  aunk  the  rest  of  mankind  into  brutes. 

Idols  were  almost  invariably  modeled  after  hideous  forms,  becutse 
designed  to  excite  terror.  This  was  in  accordance  with  the  principles 
on  which  demonolatry  was  founded.  Aa  fear  was  to  be  awakened  it  was 
essential  to  make  them  correapond,  as  nearly  as  could  be,  with  the  evils 
they  had  power  to  inflict  or  emotions  they  were  designed  to  inflame. 
To  have  made  them  more  attractive  than  repulsive  would  have  been 
preposterous,  since  it  would  have  been  neglecting  the  cultivation  of  that 
pssaion  upon  which  their  efficiency  rested.  Their  makera  knew  theif 
business  better.  In  nothiu]^  is  the  versatility  of  ancient  genius  more 
apparent  than  in  representations  of  the  horrible — in  conjuring  up  images 
to  cause  the  timid  to  tremble  and  the  bold  to  recoil — the  most  hideous  of 
hybrids, in  which  were  combined  featurea  derived  from  every  thing  on  the 
earth  and  in  the  waten  under  the  earth  calculated  to  excite  abhorrenco 
and  dread.  Perhaps  it  u  not  too  much  to  say  that  here  also  little  is  left 
for  professors  of  the  fine  arts  to  do,  except  to  imitate  works  of  old  mas- 
ters. Invention  seema  out  of  the  question.  Our  best  and  woict  specimeos 
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of  diablerie  and  the  monstrous  are  but  copies  and  caricatures  of  originals 
in  old  galleries  of  furiea,  minotaurs,  hydras,  chimaeras,  centaurs,  sphinxes, 
fauns,  dragons,  griffins,  gorgons,  aatyra,  harpies,  hippogriflB,  and  other 
unearthly  combinations  of  human  bodies  with  those  of  beasts,  birds,  fish, 
reptiles  and  demons. 

But  ghastly,  terrific  or  fiendish  features  were  not  always  deemed  suffi- 
cient. It  was  expedient  to  commnnicate  active  qualities,  such  as  might 
influence  other  senses  than  the  sight,  and  which,  being  appmpriate  to 
the  character  an  idol  was  intended  to  sustain,  might  serve  still  further  to 
establish  or  increaae  its  &me.  Thus,  some  moved  their  heads,  anna, 
hands,  eyes  ;  others  spoke,  groaned,  smiled,  perspired,  laughed,  &c.  && 
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A  few,  like  the  image  of  Nabia,  aqaeeeed  unboUeven  to  death,  in  tbeir 
irnu,  and  otbeis,  like  the  goda  of  the  Zidoniani,  in  their  fury  swaltovred 
oSendera  alive.  The  repeated  decUmtiona  in  the  Bible  that  gods  of 
atone,  wood  sad  metal,  neither  »aw,  heard,  ate  nor  "  spake  through  thmr 
throats,"  &c.  imply  that  by  priestly  artifice  these  and  otherfunctiona  were 
imitated.  Had  all  been  dumb,  motionlesB  statues,  this  constant  denial  of 
Buch  powers  to  them  would  have  been  nugatory. 

The  date  of  androidal  idols  ia  unknown ;  they  appear  to  have  beea 
co-eval  with  the  use  of  metak — are  perhaps  of  a  stitl  earlier  date,  for 
modem  savages  have  attempted  them.  They  ware  found  so  effectual  aa 
to  have  become  important  instruments  in  the  hands  of  rulers  in  anle-hi»- 
toric  eras ;  while  to  devise  and  work  them  beeajne  the  profeaMon  of 
priests.  As  society  advanced  the  treaauies  of  slates  and  temples  wen 
expended  in  their  production,  and  the  influence  of  both  was  exermsed  in 
«stablishing  their  reputation :  a  union  of  wealth  and  intelligence  which 
aeeounta  for  the  perfection  and  celebrity  of  many  ancient  androids. 

Ever  on  the  look  out  for  novel  and  imposing  devices,  the  fbunden 
and  fosterers  of  idolatry  were  too  close  observera  to  overlook  the  moK 
sppdling  of  nature's  displays,  and  too  keenly  alive  to  their  intemts  to 
remain  ignorant  of  the  means  of  imitating  them.  At  an  early  day  tboM 
gods  were  counted  the  greatest  that  had  power  over  fire  vnd  controlled 
■tmoapherical  tempests — that  spake  in  thunder  and  whose  darts  wera 
the  electric  fluid.  Oft  thi*  belief  Solijnlic  idoU  anae,  a  c1b«s  certainlj 
among  the  moat  productive  if  not  among  the  most  ancient.  They  wara 
■ecessarily  the  work  of  the  founder,  not  of  the  carver,  and,  aa  already 
iatimated,  not  a  few  of  the  "  brazen"  or  "  molten"  images  of  tbe  Old 
Testament  were  more  or  less  allied  to  them — an  inference  justified  by 
numar^ua  allusions  to  blasts  of  flame,  smoke  and  wind  issuing  from  tbeir 
mouths  and  eyes,  &c.  There  was  probably  less  difficulty  in  the  apotheoeii 
of  fiolipilic  images  than  of  othen.  When  idolatry  waa  universal  few 
could  refuse  aubjection  to  deities  that  rivalled  Neptune  in  shaking  the 
ground — Jupiter  in  his  character  of  the  thunderer;  and  Pluto — the  grim 
and  inexorable — the  sulphur-enthroBed  god — in  the  worst  of  his  fuiifr 
dons.  To  none  were  apolrophic  hymns  so  fervently  addressed,  fornons 
looked  more  threatening  and  fierce,  or  gave  out  such  awful  manHbata 
tions  of  wrath. 

Of  their  authors  or  inventors  there  is  no  room  to  doubt.  They  wera 
men  whose  intelligence  was  far  in  advance  of  their  times,  who  mono- 

Solized  knowledge  for  the  sole  interest  of  their  class.  Claiming  kio- 
red  with  heaven,  freed  from  worldly  cares,  clothed  in  i-everend  vest- 
menta,  they  lived  apart  from  other  people;  holy  and  artless  in  appear- 
ance, yet  adepts  in  artifice  and  very  devils  in  en&.  Hieropbantic  magi- 
oians  s^ourned  in  temples,  feasted  on  tythes  and  got  rich  by  means  of 
idols.  They  moved  gods  to  compassion  by  wires,  and  roused  them  tO' 
anger  by  explosive  compounds.  Their  professional  attainments  are  in- 
disputable. In  tbe  roguish  departments  of  physics  they  were  never  auf 
passed.  What  resources  and  talents  did  thoae  of  Egypt  display  in  com- 
peting with  Hoses,  even  to  the  development  of  lower  forma  of  life  I' 
The  laboratory  was  their  study,  natural  science  the  volume  over  which' 
they  pored,  the  knowledge  of  latent  phenomena  their  wealth.  It  is  im- 
posaibte  to  think  on  the  variety,  magnitude  and  difficulties  of  some  itf ' 
their  impoatures  wkhout  conceding  to  them  excelling  ingenuity  and  im- 
pudence subUme,  In  chemiatty  and  mechanics  they  were  profimnd':  rf 
their  contiivancea  few  wen  more  racceaafiil  than  those  to  which  bolb- 
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■eifluces  contributeil ;  but  of  all  their  cbemico-niflchanicBl  productions 
perhaps  none  performed  greater  deeds  of  renown  than  ihe  Eolipije^ 

To  Bcxompliah  its  purpoees  this  inHtrumetit  put  on  a  atrange  diveraity 
of  sbapM,  and  waa  endowed  with  auch  attributes  as  its  adroit  managers 
required  ;  but,  purposely  disguised  as  it  was,  and  its  rauvements  ioge- 
niously  masked,  its  former  tricks  are  not  entirely  concealeil  by  tbe  reil 
which  time  has  dropped  over  tbe  stirring  dramas  of  ancient  life.  It  may 
be  detected,  though  too  remote  to  be  distinct.  In  the  deepest  obscurity 
its  performances  are  too  peculiar  to  be  miatakeu.  It  appeats  to  hare 
flourished  in  mythologic  and  heroic  ages,  and,  naturally  enough,  these 
were  the  tioies  of  its  greatest  achierementa.  Besides  a.  few  minor  ei»- 
gagemeDts,  it  was  principally  employed  in  personating  three  remark* 
mbie  characters ; — a  god,  a  warrior,  and  a  guardian  of  treasure.  In  tbe 
temple  it  descended  with  neophytes  into  the  sacred  chambers  and  took 
part  in  the  leaser  and  sublimer  mysteries,  while  at  the  altar  it  confinn- 
ed  the  faith  of  its  worahipers  by  miracles  wrought  in  their  presence. 

In  war  its  effects  were  once  equally  decisive.  Its  appearance  alone 
sufficed,  like  tiie  head  of  Medusa,  to  petrify  opponents  with  horror. 
Superstitious  troops  (in  early  times  all  were  superstitious)  were  as- 
tounded at  the  sight  of  an  enemy,  supernatural  in  form,  borne  along  in 
chariots  of  doads  and  w^iriwinde  of  lire  ;  no  stronger  proof  of  the  goda 
being  agunst  them  could  be  adduced.  Like  the  afiiighted  Pbilisiinee 
under  a  similar  persuasion,  their  hearts  would  melt  within  them,  and 
«re  they  ded  they  exclaimed  with  tbe  warriors  of  Canasn,  "Wo  unto 
ssl    Who  shall  deliver  ub  out  of  the  banda  of  these  mighty  godal" 

As  a  serpent  or  dragon,  it  couched  by  the  portals  of  palaces  or  lay 
U  tbe  entrance  of  caverns  to  protect  the  plunder  its  ownera  had  gotten 
together. 

The  annexed  figures  and  subsequent  remarks  may  serre  to  elucidate  in 
B  feeble  degree  a  lew  of  its  performances  under  each  of  these  ebaractera. 

Idols,  especially  Eollpilic  ones,  belong  to  a  department  of  ecclesiaa- 
dcal  history  hitherto  little  examined  and  leas 
understood.  True,  they  recall  no  very  pleaaiog 
asaociutions,  yet  they  make  us  acquaiuted  with 
many  curious  transactions.  This  figure  is  a  re- 
presentation of  Pustoricb,  a  bronze  Eolipilic 
god  of  the  ancient  Germans,  described  at  paga 
399,  to  which  the  reader  is  referred.  Tbe  burn- 
ing fluids  and  flame  issued  from  the  mouth  and 
die  eye  or  orifice  Id  the  middle  of  tbe  forehead. 

This  is  not  near  so  repulsive  as  many  an- 
cient and  modern  idols ;  compared  with  some 
it  might  almost  be  deemed  engaging.  Perhaps 
its  admirers  were  too  far  advanced  to  relish  a 
mongrel  deity,  or  one  with  an  extra  number  of 
beads  or  limbs.  It  is  but  one  among  many  o' 
its  kind  which  might  be  adduced,  had  we  tb 
history  of  numerous  bronze  images  extant,  o 
of  others  noticed  in  antiquarian  works.  Seve- 
ral have  openings  behind  and  fitted  for  plugs, 
as  if  designed  for  charging  them  with  liquids. 

There  is  an  impressive  resemblance  between  this  figure  and  that  of  b 
Cyclop,  and  there  may  he  a  real  similitude  between  idols  of  this  kind 
tad  this  three  fabled  sons  of  Neptune  and  Ampbitrite.  As  renaarked  for- 
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dwT  on,  Jlre-breathing  and  other  mythic  monsters  were  not  all  mere  ti- 
siona,  mystic  emblems,  or  hieroglyphical  pictures,  but  actual  brazen  be- 
ings, of  the  forma  and  with  many  of  the  functions  described — in  other 
words,  Kotipilic  idols,  personified  as  all  idols  were.  The  reader  need 
not  ba  reminded  of  the  relation  of  the  Cyclops  to  6re,  since  they  were  aids 
to  Vulcan,  and  were  destroyed  by  Apollo  for  manufacturing  or  ejecting, 
like  Pusterich,  thunderboltd.  They  are  sometimeB  described  as  having 
bnt  one  eye,  at  other  times  represented  with  three — two  in  the  ordinary 
placed,  and  a  third  in  the  forehead,  as  in  the  preceding  figure.  [See  plate 

E^e  141,  vol.  1,  Fosbroke's  Encyc.  Aatiq.]  This  idol  ia  supposed  to  have 
elonged  originally  to  a  high  antiquity,  and  may  possibly  be  a  genuine 
Cyclop. 

Two  or  three  more  metBllic  deitfbs,  which  appear  to  be  Eolipilic,  might 
here  be  introduced ;  but  as  the  &ct  is  uncertain,  and  nothing  but  con- 
jectures could  accompany  them,  we  forbear.  Had  more  data  been  ac- 
cesatbte  the  subject  would  needs  be  a  thrilling  one.  No  work  of  imagi- 
nation conid  be  richer  in  interest  or  more  fertile  in  intrigue  and  plots 
than  accounts  of  idolatrous  androids  of  the  more  advanced  nations  of  old, 
of  the  puppet- machinery  in  each  famous  temple,  and  the  by-play  by 
which  the  reverend  showmen  set  them  off  to  advantage,  lulled  suspicion 
and  kept  their  audiences  in  the  right  humor.  We  may  descant  as  we 
please  on  epic  poets,  on  tragic  and  comic  authors  and  actoi-s,  but  what 
were  the  best  of  them  compared  to  those  proto-fathers  of  fiction  and  his- 
trionic professions  1  Men  whose  theatres  were  temples,  whose  stages 
were  altars  :  master  players  on  the  passions,  who  excited  what  emotions 
they  pleased,  and  impressed  on  their  congre^tions  an  abiding  sense  of 
die  realittea  of  the  illusions  they  exhibited.  The  subject  reaches  down  to 
die  nonage  of  society  and  comes  up  with  it  to  our  own  days ;  has  relation 
to  the  most  stupendous  system  of  deception  ever  conceived,  and  the  most 
successful  one  ever  practised  by  man  upon  man;  afTorda  the  moat  de- 
plorable  and  durable  examples  of  human  credulity  and  cunning ;  in- 
volves the  early  history  of  all  races  and  of  nearly  all  arts.  Its  exposition 
of  principles  of  ancient  science  would  be  highly  inaCruclive,  and  their 
villanous  applications  often  amusing.  The  mystery  that  envelopes  it 
irresistibly  whets  curiosity.  The  little  that  is  known  makes  us  anxious  to 
push  aside  the  skreen  that  hides  from  our  view  the  ingenious  and  elabo- 
rate mechanism  by  which  pagan  monks  emasculated  the  species  and 
kept  an  awO'Stncken  world  at  their  feet. 

The  following  figures  illustrate  the  fighting  qualities  of  the  Eolipile. 
As  a  nar-instniment  it  became  better  known  than  as  an  oracle  confined 
in  temples.  In  the  field  it  was  exposed  to  the  scrutiny  of  the  curious  aa 
'  well  as  of  its  immediate  managers,  so  that,  whether  captured  or  not,  the 
secret  of  ita  construction  could  not  long  remain  one,  or  the  device  be 
confined,  if  much  employed,  to  one  people.  Nor  did  it  cast  off  its  pre- 
tensions to  divinity  with  this  change  of  occupation,  but  rather  sustained 
them,  for  it  was  as  a  god  that  it  first  became  terrible  in  battle — as  such 
its  military  achievements  shook  neighboring  nations  with  alarm  and  ac- 
quired for  it  a  celebrity  that  has  reached  to  our  times.  The  nature  of  its 
performances  remained  the  same  as  at  the  altar,  except  that  it  now  did 
not  hesitate  to  destroy  those  whom  it  could  not  convince. 

Every  people,  no  matter  how  barbarous,  esteemed  their  own  gods  su- 
perior to  others.  It  was  indispensable  to  the  interests  of  priests  to  keep 
this  conviction  alive  under  all  exigencies;  hence  while  victories  served 
to  eetablish  it,  defeats  did  not  overthrow  tt.    These,  it  was  ortfiiUj  sug- 
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geoted,  were  anlj  proofs  of  k  deity  faaving  become  tsmponry  ofianded, 
either  for  not  being  properly  invoked  or  oa  accnuiit  of  indignities  offered 
to  his  ministers.  It  was  only  to  make  bis  prot^g^  sensible  of  his  dis' 
tieasure  that  on  such  occasions  he  left  ihem  a  prey  to  their  foes  1  Fagui 
listory  is  full  of  examples,  tbey  abound  in  the  Iliad,  which  opens  with 
one.  Thus  the  character  of  an  oracle  or  idol,  and  the  influence  of  its  offi- 
cials were  ingenioualy  preserved  whether  those  who  trusted  io  it  became 
conquerors  or  conquered,  victors  or  victims.  Such  was  the  practice  nu- 
der  ordinary  circumstances,  the  god  remaining  the  while  undisturbed  in 
his  fane ;  but  when  extraordinaiy  calamities  threatened,  when  an  invad> 
ing  army  approached  and  his  worshippers  were  menaced  with  captivity 
or  famine,  corresponding  effuns  were  mads  to  appease  and  even  to  coiO' 
pel  him  to  be  propitious.  Bribes  were  held  out,  votive  gifts,  becatemba 
end  new  temples  promised — processions  in  his  honor  w«re  got  up,  with 
sacred  banners,  relics,  itc.  borne  aloft,  (an  European  practice  tnrough 
the  middle  ages,  and  an  Asiatic  one  yet.)  Then  to  malce  sure  of  success 
by  connecting  his  fate  with  that  of  his  followers,  the  latter  took  him  down 
from  his  shrine  and  carried  him  to  the  battle-ground,  under  a  belief  that 
he  would  not  sufier  himself  to  be  taken  if  he  were  disposed  to  leave 
them  in  the  lurch.  On  the  same  principle  iddatera  of  every  age  have 
acted.  Tbe  early  Jews  were  not  free  from  the  strange  infatuation,  nor 
is  it  easy  to  see  how  they  could  have  been'  better  informed  pievions  to 
or  at  the  period  of  the  E  xodus.  They  were  as  much  attached  to  idob  a* 
the  Egyptians,  and  took  tbe  fint  opportunity  that  tbe  absence  of  Moses 
presented  for  making  an  image  of  Apis.  After  the  severe  defeat  at 
Aphek,  some  of  the  ignorant  gut  up  a  cry  to  bring  tbe  ark  to  l)ie  camp  and 
renew  tbe  contest  under  its  auBpicea.  "  When  it  comelh  among  us  it  may 
save  us  out  of  the  hands  of  our  enemies."  To  this  the  better  informed 
probably  acceded  with  the  hope  that  Jehovah  would  protect  it,  and  the 
people  for  its  sake,  but  ihey  were  mistaken — they  were  routed,  thirty 
thousand  were  slain,  "  the  ark  of  God  wBa  taken,"  and  exhibited  in  the 
principal  cities  of  the  captors  for  a  period  of  seven  months,  during  which 
Phenician  priests  and  artists  were  probably  not  very  scmpuloDS  in  ex- 
amining its  conteuts,  its  designs  and  decorations,  tbe  cherubim  of  ham- 
mered gold,  their  forms,  features,  wings,  &c. 

In  this  same  manner  warring  EolipileB  became  known  to  others  thaa 
their  designers:  as  gods  and  demt-gods  they  made  their  debut  in  battle. 
As  such  they  were  victorious,  and  as  such  were  eventually  captured. 
Exaggerated  accounts  of  some  of  the  earliest  are  preserved  in  mythologi- 
cal annals.  So  awful  were  tbelr  attributes  and  so  terrific  their  appearance, 
that  their  very  looks  overcame  their  opponents.  Of  this  Briareus  waa 
an  example  ;  but  when  their  artificial  nature  became  known  they  put  on 
less  formidable  shapes,  their  efficacy  then  depending  more  on  what  they 
did  than  how  they  looked.  In  comparatively  modem  epochs  they 
never,  however,  utained  much  beauty,  if  we  might  judge  of  the  one 
on  the  following  page. 

The  age  to  which  the  specimen  figured  in  the  next  cat  belonged  ia 
unknown.  It  and  No.  289  are  from  a  Latin  folio  puldisbed  in  Paris  in 
1535,  containing  Vegetius  on  Military  Machinery  and  Institutions,  Eliaa 
on  Tactics,  Frontinus  on  Strategems,  and  the  Book  of  Modestus  on 
Military  Affairs : — collated  from  XiictnU codices  by  Budeub,  the  celebrated 
French  critic.  Attached  to,  and  paged  with  Vegeuus,  are  one  hundred 
and  twenty  fblio  illiutrations,  rudely  executed  on  wood.  Tbey  are  co 
|des  of  those  of  the  old  .(xermaa  traiulad<m  to  which  we  hare  fiequouly 
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referred,  widi  iko  exception  of  a  coupte  of  reduced  fac-aimilea  which 
are  now  before  the  reader,  faj 


Ko.  SSg.    Auclsiil  Fijhuui  Eatlp  Is. 

Am  not  e  word  of  explanation  accompanies  thia  einjs^lar  fi^re,  {nor 
eny  other  in  the  book,)  aud  little  or  nothing  is  to  be  found  in  Vegetios 
or  other  Roman  authors  to  aid  ua,  all  that  we  can  offer  must  be  received 
as  conjecture.  If  the  magnitude  of  the  machine  be  judged  from  other 
illustrations  la  the  collection,  it  was  colossal.  No  object  is  portrayed 
near  it  by  which  to  infer  its  relative  dimetisions.  The  gene w  outline 
represents  the  human  bust,  and  the  whole  seems  to  haTe  been  an  enor- 
mous Puaterich  on  wheels.  It  probably  combined  the  god  with  the  war- 
rior, BSsumiag  the  character  of  each  as  occasion  required.  It  is  do  bad 
representative  of  both ;  and  the  powers  it  possessed  of  punishing  its 
eoemies  are  as  obvious  as  they  were  awful.  The  ignited  jet  issued  from 
the  conical  tube  whose  wide  end  is  riveted  to  the  forehead — (a  small 
pipe  descending  from  it  to  the  bottom  of  the  bust,  as  in  the  air-veesels 
of  fire-engines,)  and  possibly,  also,  out  of  its  eyes  and  mouth.  The  pn> 
longation  of  the  nose,  and  the  daggers  projecting  from  the  mouth,  were 
intended  to  ward  off  blows  during  assaults,  and  to  prevent  access  to 
it,  lest  the  orifice  or  orifices  should  be  spiked  or  otherwise  closed.  Point- 
ed  projections  of  this  kind  are  quite  common  adjtincts  in  old  war  en- 
gines. 

As  this  Eolipile  is  figured  at  i-est  and  not  in  use,  neither  fire,  fire-place, 
nor  the  mode  of  charging  it  is  delineated.  The  fuel  was  probably  applied 
in  the  lower  part  of  the  bust  behind,  though  it  may  have  been  kmdled 

(a)  "  FL  V«^tii  Renali  vlri  illDMri*  de  tt  mltiUri  libri  qnsmor,  Seziilvllj  Pr<». 
Mni  viri  coosalarU  de  slrtlf^mslis  libri  cotidfo).  fliant  de  iDMrneDdia  sclebni 
lltwT  unus.  Modestf  de  vocabulis  rel  miliiBria  liber  unas.  Ilem  picione  belMcn 
CXI.  passim  Vegelio  adjecUe.  Cotlsta  snai  omnia  ad  BDilqaos  codices,  "■■»•' "w 
BoDW,  qnod  lesiabitnr  ^liums.    Psritiis,  mdxxxt." 
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externalljr,  the  he&d  being  for  that  purpose  incHned  backwanls  and  rest- 
ing on  the  cornifferous  and  auricular  prolongations,  which  would,  like 
the  feet  of  a  caldron,  form  a  tripod  to  support  it.  But  much  allowancu 
must  be  made  for  old  illuatrations.  Scarcely  ever  is  an  attempt  made  to 
delineate  interior  parts  ur  external  details.  One  object  of  the  horn  and 
ears  was  ubriously  to  vary  the  direction  of  the  jet,  to  incline  the  tube  to 
the  riijht  or  letl,  up  or  down,  somewhat  in  the  manner  of  the  syringe 
engine  of  Besaon.  The  wheels  are  soliJ,  and  as  there  are  but  two,  soma 
mecbaniBm  for  preaemng  the  image  in  an  upright  position  was  neces- ' 
aary :  as  they  moved  on  separate  axles  the  tube  could  aa  readily  be 
turned  in  a  lateral  direction  as  it  could  be  elevated  or  depressed.  The 
manner  of  conveying  this  machine  to  considerable  distances  ia  not  indi- 
cated, probably  because  it  was  rather  intended  as  a  stationary  meaiu  of 
defence,  than,  like  the  next,  a  moveable  one  for  attack. 


Here  is  a  variety  of  the  griiHn,  hippogriff,  or  dragon  genus,  placed  mi 
four  wheels,  and  evidently  designed  to  break  the  ranks  of  an  opposing 
army,  by  being  driven  throuEh  them.  The  burning  liquids  rushed  oat  tri 
two  rows  of  small  holes  on  the  upper  jaw  or  1'  '  *  " 
minding  one  of  mythic  monsters  fi^om  whose  n 
and  from  whose  mouths  issued  flame.  No  proi 
or  lowering  the  jets,  nor  was  any  necessary,  fur  from  the  elevation  and 
poailinn  of  the  orifices,  troops  among  whom  this  engine  forceil  its  way 
could  not  avoid  either  right  or  left  its  fluid  and  scorching  missive.  The 
rod  held  by  the  captain  or  leader  ia  enlarged  and  pierced  or  cloven  at 
its  upper  end,  where  it  is  joined  to  the  bead  :  it  is  apparently  a  lever  by 
which  the  plug  of  a  cock  was  turned  to  open  and  shut  off  the  discharge. 
We  may  suppose  the  passagu  was  closeii  in  the  present  position  of  the 
lever,  and  that  to  open  it  tlie  manager  pulled  back  the  end  he  grasps, 
until,  like  a  modern  artillerist,  he  became  sufficiently  in  the  rear  to  b« 
out  of  harm's  way  when  the  jets  found  vent ;  he  then  could  join  his  asso- 
ciates in  directing  the  monster's  movements.  The  wheels,  as  in  the  last 
figure,  are  represented  solid,  a  feature  undoubtedly  genuine ;  for  it  was 
the  uniform  practice  to  attempt  to  stop  the  progress  of  such  war-chariot* 
as  had  wheels  with  spokes,  by  throwing  spears,  &c.  between  the  latter; 
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and  hence  aucb  wheels  w«ra  sonetimeB  covered  with  boBrda  or  platoa  of 
iron  previous  to  entoring  into  battle. 

Tbe  sword  or  dagger-like  tongue  kept  an  enemy  from  approaching 
too  near  in  frnnt,  while  the  fiunea  proiected  both  sides,  it  would  not 
have  answered  the  pnipoaas  of  thU  war-engine  tn  have  made  its  sidu 
hoirent  with  bayoneta,  for  they  would  have  retarded  ita  progress  by  con- 
tact with  every  obstacle  within  their  reach.  Its  efficiency  depended  chief- 
h  OQ  the  velticity  and  precision  of  its  mrtvemencs,  it  would  therefore  be 
divested  of  every  thing  calculated  to  interfere  with  these.  The  inclina- 
tion of  the  tongue  waa  designed  to  remove  obstacles  from  the  path. 
Had  the  spike  been  horizontal  it  wonid  have  transfixed  objects  it  met 
with,  and  the  progress  of  the  machine  would  soon  have  been  flopped; 
This  machine  u  apparently  represented  aa  in  times  of  peace,  fur,' unlike 
moat  olfaers  in  the  collectinn,  no  signs  of  war  arc  delineated  in  the  land- 
•cape.  Tbe  fire  was  perhaps  applied  externally,  as  in  the  cue  of  Pns* 
tertch,  the  brazen  monster  belonging  to  the  Tyrant  of  Agrigentum,  and 
ether  ancient  devices  of  the  kind:  but  this  part  of  tbe  subject  is  very 
otMcure.  Like  chariots  with  swords  and  scythes  ftxed  to  them,  and 
others  with  similar  weapons  revolving  in  their  fronts,  this  machine  when 
in  active  sorvice  was  most  likely  urged  forward  by  horses  yoked  behind  [ 
or  by  a  number  of  men  applying  their  force  to  bars  attached  to  and  ra- 
diating from  the  rear — both  ancient  and  very  common  war  devices. 

An  enonnoua  Eolipile,  furmed  after  the  above  pattern,  charged  with 
tnflammablfl  liquids,  and  driven  furiously  and  unexpectedly  upon  a  su- 

Erstitious  f!ie,  muat  not  only  have  home  all  before  it,  like  a  modem 
nraotive,  but  must  have  rendered  opposition  hopeless  until  its  contents 
were  expended. 

The  dimensions  of  this  war  dragon  cannot  safely  be  inferred  fW>m 
those  of  the  men  attached  to  it,  for  in  most  of  the  plates  in  the  woric 
whence  it  is  taken,  no  kind  of  proportion  is  preserved.  Soldiers  raising 
ladders  to  scale  the  walls  of  high  towers  are  oflen  drawn  sufficiently  CaU 
to  reach  tbo  rtiof  with  their  hands. 

As  tbe  name  of  a  war  machine,  the  term  dragon  was  continued  to 
modem  times.  It  was  early  given  to  pieces  of  ordnance,  to  devices  re- 
sembling in  their  attributes  ancient  Eolipilic  monsters.  Ciilverines  were 
originally  called  fiery-dragons.  The  Draconarii  of  the  Bomans  bora  < 
dragons  on  their  standards ;  the  Parthians,  Indians,  Persians,  Scythians, 
Assyrians,  N'onnaas,  Saxons,  WeUh,  and  all  the  Celtic  and  Gothic  na- 
tions painted  the  same  thing  upon  their  banners  and  pennons,- as  the 
Chinese,  Russians,  Tartars,  &e.  do  now.  Modern  dragoons  have  pro- 
bably also  derived  their  designation  from  soldiers  who  formerly  managed 
Eolipilic  dragons,  as  in  the  preceding  figure  ;  the  name  being  preaerved 
in  war's  vocabulary  alter  tbe  office  and  instrument  were  forgotten.  Oi^ 
den  of  chivalry  were  named  after  tbe  dragon,  and  hei'aldry  abnunda 
with  its  figures. 

Let  us  now  turn  to  the  history  of  the  Goths,  by  Olaus  Magnus.  {Baal 
«d.  I5G7.)  The  fourth  chapter  of  the  ninth  book  ia  headed,  "  De  ttreia 
tquU  ignivomit " — "  Of  brazen  boraes  that  vomit  lire."  The  materials  of 
the  chapter  are  condensed  from  the  History  of  the  Danes,  by  Saxo 
Grammaticus,  a  writer  who  flourished  A.  D.  1 140.  The  principal  inci- 
dent relates  to  the  stratagetic  skill  of  an  old  king,  Rfgnemt,  who  was 
eventually  put  to  death  by  his  aons,  Daxon  and  0iau.  On  one  occasion 
the  two  rebellious  brothers  invaded  their  father's  kingdom,  having  been 
fiiraiabed  for  the  purpose  with  a  large  army  by  king  Sulhentu,  whoM< 


„glc 


14  Braxem  Hi>ne$  Ikat  vomittd  Fir*. 

dangliterB  they  bad  marriedL  Alarmod  at  the  mighty  forces  broagbt 
agaiiial  him,  Regnerua  ordered  a  number  of  brazen,  fire-breathing  hunea 
to  be  secured  on  chariots,  and  whirled  soddeiily  into  the  denaest  body 
of  his  eneoiiea.  The  mantsuvre  tuoceeded,  and  his  unnatural  bods  were 
put  to  flight.  It  appears  that  the  chariots  and  their  burdens  were  ex- 
caedingly  massive,  since  they  overwhelmed  whatever  opposed  them. 
We  add  the  passage  at  large  from  Saxo.  It  will  be  perceived  that  he 
is  silent  respecting  the  fire-vomiting  faculty  of  the  metallic  chargers, 
though  that  was  clearly  implied  in  the  opinion  of  the  Gothic  bifltoriaii ; 
an  opinion  that  can  hardly  be  queationed. 

Post  hgec  Reguenu,  expeditionem  in  Helleiponcicoe  paraos,  vocata- 
qne  Danorum  concione,  saluberrimas  se  populo  leges  laturum  promit- 
tens,  at  unusquisque  paterfamilias,  secnt  ante,  quero  minimi  inter 
liberos  duxerat,  militaturum  exhiberet,  ita  tunc  vatentioiis  opens  filium 
aut  probatioris  fidei  servum  armaret,  edixit.  Q,uo  iacio  omnibus,  quos 
ex  Thora  procreverat,  fiUis,  pneter  ubbonen,  assumptis,  Hetlesponlum 

S'luque  regem  Dian  variia  contusuro  bellis  laceBsendo  perdomuit  Ad 
timum  eundem  crebenimts  discriminibus  impIicstntD  exiinxit.  Cujua 
filii  Dian  et  Daxon,  ol!m  Ruteoi  regis  filias  maritali  sone  complexi,  im- 
petratis  a  socero  copiis,  ardentisBimo  spiritu  patemee  vindicne  negotium 
npuerunt.  Q,uorum  Regnerus  immensum  animadvert  ens  exercitnm, 
diiSdentia  copiarum  habita,  eqvot  cmnu  ductilihus  rotalis  saperpositoe  ao 
veraatilibus  curriculia  circamductos  in  confertisaimos  faoetes  maxima  vi 
ezagitari  praaoepit.  Q.uffi  rea  tantutn  ad  laxandam  adversariorum  aciem 
valuit,  ut  vincendi  spes  magis  in  machinamento  quam  railite  repocitft 
videretur,  cuius  intolerabilis  moles,  quicquid  impulit  obruii.  Attero 
ergo  ducum  interfecto  altera  fuga  sublapso,  universus  Hellisponticorum 
cessit  exercitUB.  Scithee  quoque,  Daxon  arctissimo  materni  sanguinis 
▼mculo  coDtingentes,  eodem  obatriti  discrimine  refuruntur.  Quorum 
proviocia  Witaerco  attribnta,  Rutenorum  reg.  parum  viribus  fidens,  for> 
midolosa  Regneri  arma  fuga  pnecurrere  maturavit. 

[Bus  Onnmtki  BiMiU  Dulb    Edlied  by  P.  K.  Hnllgr.    Cafiii<tim.W3t.    Lfbv  Ix.  p.  4S.} 

Id  a  note  on  the  Equoa  fneos,  the  editor,  not  knowing  that  auch 
ftings  had  ever  been,  observes,  "  commentum  nescio  unde  petitum." 


Kn.  KM.  £eU|dk  Vimr-Kafiaet. 

The  cut  No.  300  is  copied  from  the  rude  illustrations  of  the  fbartli  ai 
fifth  chapters.  Book  ix,  of  Olaus  Uagnua.    A  figure  of  one  of  the  bras 
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hones  ii  in  the  fbregrouotl,  but  u  luiul  it  is  a  mare  outline,  and  was 
perhaps  ileNffDed  by  the  iilustnttor  of  the  Gothic  hiatorian'a  work  from 
the  meagre  deKription  its  pages  or  tfaoae  of  Saxo  afford.  Nothing  defi- 
■SkXa  can  be  tleriTed  from  it  which  the  text  does  not  furnish.  Neither  the 
carriage  nor  its  load  comes  up  to  the  description  :  the  words  imply  that 
the  images  bad  some  elastic  and  revoWing  mechanism  of  their  own,  and 
versatile  charioU  meant  something  inore  than  common  carte. 

The  fiflh  chapter  (Book  ix)  is  on  the  same  subject,  and  to  this  effect. 
'  Vincentius  in  Spec  Histo.  L.  xxxi.  Cap.  10,  asserts  that  the  king  of  the 
Indians,  commonly  called  Prester  John,  being  attacked  by  a  powerful 
army  of  Ethiopian  Saracens,  enemies  of  the  christian  &ith,  delivered 
himself  by  a  stratagem  not  unlike  that  of  Regnerus,  for  he  made  copper 
image*  ofme»  and  mounted  each  upon  a  horse.  Behind  every  image  was 
a  man  to  gorem  it,  and  to  blow  with  a  bellows,  through  holes  made  for 
the  puTpoee,  on  fiimid  materials  inserted  beforehand  into  the  body  of  the 
image.  ProTided  with  a  large  number  of  these  he  proceeded  vigorously 
against  bis  enemies,  whom  Vincentius  calls  Mongols  or  Tartars.  The 
mounted  images  being  ranged  side  by  side  in  front  of  the  hostile  army, 
their  managers  were  directed  to  advance,  and  when  arrived  wiUun  a 
short  distance  of  the  foe  to  commence  blowing  with  their  bellows  the 
smoking  fire  within,  and  with  a  continual  blast  to  lill  the  air  with  dark* 
nesB — the  consequences  of  which  were  that  many  of  the  invaders  were 
■lain  and  others  took  to  sudden  flight.  Large  numbers  of  horsemen  and 
horses  were  burnt  to  death  and  some  reduced  to  ashes  hy  Greek-fire, 
eomposed  of  the  follovring  ingredients,  by  the  artificers  of  Prester  John  t 

Aipaltnin,  sept*,  drsgantam,  pix  qaoqoe  Oreca, 
SnlpbSr,  Ternicii,  de  petrol  lo  qaoqae  viuo, 
Mcrcuni,  lal  gemnHe  Gneci  dicitar  igai*. 
Itzm  :  Balphnr,  ptlrolinm,  eolophD,  reti,  t«rebiotbi, 

AijMltDm,  cunphoro.  tiepta,  arino,  benedictam.' 

Magnus  could  make  nothing  out  of  these  old  poetic  recipes.  He  thon^t" 
it  would  be  a  vain  task  to  attempt  their  explanation,  and  wicked  to  revive 
die  invention.  He  seems  to  have  been  of  an  opinion — once  heartily  enter- 
tained— that  the  souls  of  the  authors  of  Greek-fire  and  gunpowder  were 
reaping  their  appropriate  rewards  in  perdition,  doomed  for  ever  to  taste- 
of  torments  which  tneir  "  devilish  devices"  inflicted  on  others.  Vincen- 
tius, or  Vincent  De  Beauvais,  was  a  learned  monk  of  the  13th  century, 
and  one  of  the  most  voluminous  writers  whose  works  furnished  employ- 
ment to  the  first  race  of  printers.  He  died  about  1260.  His  "Speculum 
Historiate"  was  printed  m  1473.  The  most  striking  incident  drawn  from 
it  by  the  Gothic  writer  we  quoted  at  page  400,  from  Carpini,  a  contem- 
porary monk,  who  began  his  travels  in  1245,  and  to  whom  he  of  Beauvais 
waa  most  likely  indebted  for  it. 

If  the  reader  will  now  look  again  at  the  last  cut  he  will  find  on  the 
back  ground  a  miniature  of  one  of  the  brazen  horsemen  in  the  act  of 
attacking  the  Mongols,  and  with  a  living  soldier  on  the  crupper  per- 
forming hia  part  of  the  business  with  bellows.  There  is  certainly  an  air- 
of  romance  about  these  figures;  but  accounts  of  them  reaching  us  through 
agds  and  hot-beds  of  legends,  might  be  expected  to  be  loaded  with- 
apocryphal  matters.  Of  the  main  feature,  that  of  ejecting  flame  and' 
smoke,  there  is  no  room  to  tjuestion,  since  it  is  corroborated  by  old 
writers  on  Greek-fire,  by  the  brazen  horses  of  Saxo,  and  the  preceding 
figum  in  this  inppIemenL   But  Csrpini's  rehition  does  not  savor  so 
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mneb  of  poetry  u  mvj  be  ntppoHd.  The  prmcipal  difficallf  ■■  m 
mounting  tbe  image*  on  iuUmtoI  horaes;  but  thia  is  not  r  neceasKry  in- 
ference. They  may  hare  been  utiliciB!  as  well  aa  their  automaton 
rideia — and  we  believe  were  ao— were  lecnrod,  like  tboee  mentioned 
by  Saxo,  on  carriaget,  and  befaind  them  the  bellowa-blowerg  were  loca- 
ted.  If  ihia  ia  not  what  Carpini  meant,  we  ahoald  say  be  miauDdentood 
hi*  infotmant.  Living  horsea,  with  flames  roaring  and  mshiof^  front  ori- 
fice! cloee  to  their  eyea  and  ears,  would  be  aa  likely  to  be  aSrigfated  aa 
thoae  they  attacked  :  however  drilled,  they  could  not  in  auch  ctrcnnwtan- 
C0S  be  managed  without  difficulty  and  without  requiring  the  whole  at- 
tention of  their  riders,  but  the  latter  were  entirely  engaged  in  arging  the 
firea  at  the  moat  critical  penoda  of  the  charge,  leaving  tbe  animaja  to 
panne  tbe  rig^t  courae  of  themaelvea.  We  presume  the  metalline  ima- 
ges were  a  species  of  Hippocentaura,  the  flames  lesning  fri>m  the  bu* 
man  bust,  and  the  fluid  and  other  tnateriala  cootuned  id  the  apacioaa 
abdomen  below. 

It  ia  said  these  eqoeatrian  images  cast  forth  Greek-fire ;  were  tbey 
dien  Eolipiles  \  mounted  Pustencha  1  i.  e.  were  they  charged  with  li- 
quida,  or  with  dry  substances,  which  once  ignited  continued  of  them- 
aelvea to  bum  unlit  the  whnle  became  expended  T  From  the  want  of 
■pecific  inform^ion  it  ia  difficult  to  arrive  at  a  definite  conclnsion  on  tbia 
poinL  The  eridence,  however,  preponderatea  in  favor  of  their  Eolipi- 
lic  character.  Had  the  contents  been  a  composition  similar  to  any  thing 
naed  in  modem  pyrotecbnica,  what  need  of  fure  to  heat  them  and  oS  bel- 
lows to  urge  the  fire  1  How  did  the  flaming  stream  continue  to  issue 
from  its  orifice  with  anabated  force  as  the  material  diminiahed  within, 
aa  it  Bank  far  below  the  place  of  exit  1  Would  not  tbe  image  be  liable 
to  explode  ere  its  contents  were  half  emptied  T  IT  not,  why  have  me- 
tallic images  T  Those  of  iragile  materials  would  have  done.  Again,  the 
reaction  of  the  jet,  like  that  of  a  rocket,  would  require  no  small  turce  to 
be  overcome :  it  would  be  very  apt  to  shoot  the  brazen  warriora  back 
amongtheir  friends,  instead  of  their  carrying  destruction  among  tbeir 
fees.  But  not  otte  of  these  objectiona,  and  others  which  might  be  named, 
apply  to  Eolipiles — to  a  liquid  discharged  by  the  elasticity  of  its  own 
vapor,  or  the  vapor  itself  thus  shot  forUi.  With  those  instruments  the 
employment  of  fuel  was  necessry  and  the  application  of  a  blast  in  time  of 
action  important  if  not  indiapensable.  But,  what  is  more  to  the  point, 
Greek-fire  toot  a  liquid.  See  p.  307,  8.  Meyrick,  in  his  account  of  ancient 
armor,  gives  its  composition  from  an  author  of  the  time  of  Edward  III. 
Severid  ingredients  enumerated  are  mentioned  ia  tbe  preceding  re- 
cipes from  Vincentius: — An  equal  quantity  of  pulverized  rosin,  eul- 
pbur  and  pitch  ;  one  fourth  of  opopanax  and  of  pigeons'  dung  well  dried, 
■vere  diaaolved  in  turpentine  water,  or  oil  of  aulphur:  then  put  into  a 
close  and  strong  glass  vessel  and  boated  for  fifteen  days  in  aa  oven,  afler 
which  the  whole  was  distilled  in  tbe  manner  of  spirit  of  wine,  and  kopt 
for  use.  Another  account  makes  it  to  consist  chiefly  of  torpenttue 
water  (spirits  of  turpentine)  slowly  distillod  with  turpentine  gum.  It 
was  said  to  ignite  by  coming  in  contact  with  water. 

Two  distinct  modes  of  dispersing  the  horrible  fluid  are  mentioned ; 
one  by  forcing-pumps,  the  other  by  "blowing"  it  through  tubes  and 
from  the  mouths,  &c.  of  metallic  monsters.  The  former  is  noticed  in 
connection  with  naval  warfare,  and  the  latter,  if  we  mistake  not,  vraa 
chiefly  employed  in  conflicia  on  land.  Any  one  can  see  how  difficult  it 
would  be  lor  soldien  piomptly  to  apply  pampa  in  the  confitaiDn  of  bat- 
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tl«.  AppantuB  equal  to  onr  fire-engiiies  would  have  beeo  of  little  eSatst, 
fiirthsiQts  could  but  feebly  be  sustained,  and  worse  directed  while  the 
reaervoira,  engines  and  men  wore  in  motion,  whirling  hither  and  thither, 
now  adrancing  and  anon  retreating.  We  read  also  of  portable  "MpJ&OM*" 
being  also  used,  but  these  and  the  necessaxy  veaselB  to  hold  the  liquid 
were  still  lew  likely  to  be  effective  except  on  ships  in  close  combat; 
where  to  keep  up  conflagrations,  the  fluid  could  be  ejected,  cold  and  no- 
ignited,  on  parts  already  kindled — as  if  our  engines  were  to  be  employed 
to  lanch  oil  or  turpentine  on  objects  already  m  flames.  On  ship-board, 
the  reservoira  were  always  at  hmd,  and  both  men  and  the  fixed  pumpa 
they  worked  relatively  at  rest,  and  moreover  protected  either  between 
decks  or  in  equally  secure  locations,  so  that  one  or  two  individuals  alone 
aufficed  to  direct  the  fiery  streams  over  a  galley's  bow  or  sides,  and 
through  flexible  or  jointed  ajutages. 

The  expression  "  6lou»  through  tubes,"  Sk.  could,  of  course,  have  no 
reference  to  any  thing  like  the  sarbacan,  nor  to  any  employment  of  hu- 
man lunga.  No  adequate  and  no  continuous  force  could  have  been  ob- 
tained except  by  artificial  means,  and  of  those  by  none  bo  readily  as  by 
the  Eolipile.  Ihat  this  instrument  waa  intended,  the  figures  in  the  cut 
Strongly  indicate.  If  the  vapor  of  the  fiery  liquid  was  ejected,  we  know 
that mathing else  could  have  answered.  But  both  the  idea  and  expreaaion 
are  used  at  this  day  with  respect  to  modem  Eolipiles  :  engineers  "  blow 
ofi^'  ateam  by  opening  a  safety  valve  or  other  aperture  of  a  boiler;  and 
when  one  of  these  explodes,  on  shore  or  afloat,  how  oflen  is  it  said  of 
missing  individuals  and  objects,  they  were  "  blown  overboard"— or 
"  blown  to  such  and  such  distances."  On  a  review  then  of  the  particu- 
lars that  have  reached  us  respecting  the  famous  Greek-fire,  it  seems  that 
the  machinery  for  ejecting  it  on  shipboard  was  a  species  of  pump ;  and 
on  land  by  large  boilers,  suspended  on  wheels  and  driven  by  horses  or 
men,  made  in  fantastic  forms  of  men  and  animals,  fiom  whose  moutha 
the  flaming  torrents  were  ejected.  This,  ancient  writers  have  asserted, 
and  the  figures  we  have  given  confirm. 

That  Greek-fire  was  rather  the  revival  of  an  old  thing  than  the  dis- 
covery of  a  new  one,  and  that  both  the  fire  and  the  machines  for  di^ 
persiog  it — Eolipilic  devices  infinitely  more  grotesque  than  any  figured 
on  tbeae  pages — were  known  in  extremely  remote  times,  is,  we  think, 
pretty  clear.  Under  this  impression  some  further  remarks  are  submitted 
with  the  view  of  eliciting  attendon  to  a  curious  and  interesting  subject 
of  archeological  research — one  which,  it  will  be  conceded,  appeart  to 
reflect  light  on  old  legends  as  well  as  on  old  Eolipiles. 


The  history  of  idolatrous  and  other  Eolipilic  automata  is  lost  or  per- 
haps never  was  written,  and  now  the  opportunity,  the  materials  and  men 
for  preparing  it  are  gone;  the  requisite  knowledge  did  not  sufliciently 
transpire  beyond  the  walls  of  temples,  and  even  there  waa  confined  to  a 
privileged  few.  Such  a  record  could  only  have  been  furnished  by  those 
who  bad  every  earthly  inducement  to  suppress  it — by  men  whose  private 
labor*  were  devoted  to  disguise  the  elements  of  deceptive  derices  they 
employed,  and  whose  public  admioistratiotis  still  further  concealed  them. 
It  may  UiereTore  be  concluded  that  such  an  expose  was  never  made,  or, 
if  made,  religiously  reserved  for  the  perusal  of  heads  of  colleges  or  the 
eyea  of  arch-magicians  alone.  It  is  to  be  regretted  thst  so  valuable  a 
fund  of  hidden  knowledge,  of  mechanical  and  chemical  combinations,  of 
■iogular  diacoveries  and  inrentioiu;  a  bibltotbeca  for  philoaophen  and- 
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BTtieans.  illuatrating,  probably,  ereiy  bmtch  of  ancient  aciencs  and  ex- 
pcisine  the  secret  workings  of  some  of  the  shrewdest  spirits  of  aDtiqiiitjr — 
abduld  bo  lust.  It  would  have  enabled  us  to  rmwat  staple  tricks  of  Babjr- 
limian  sorcercn  and  sooibaayers,  and  would  have  placed  ns  in  a  mora 
ferorable  position  for  nbeervation  than  was  Pharaoh  when  be  commanded 
"  the  Riagicians  of  Egypt  and  tbe  wise  men  thereof"  to  exhibit  tfaear 
skill  in  his  presence. 

It  is  with  Eolipiles  as  with  other  Kiaterid  Ot  old  jsgglen.  The  few 
broken  specimens  and  straggling  notices  which  hare  come  down  are  in- 
teresting but  unsatisfactory ;  they  tantalize  with  a  sip,  and  make  tb« 
mouth  water  for  more,  provoking  a  thirst  which  tfaey  cannot  allay.  That 
these  instruments  are  of  a  very  high  antiquity  is  undeniable,  and  tbat 
they  were  occasionally  used  to  eject  inBammable  fluids  for  deceptive 
and  destructive  purpises  is  equally  certain.  The  reaemblance  in  tbe 
forms  and  functions  of  those  we  have  figured  to  mythological  Gre-epout- 
ing  monatera,  is  too  striking  to  escape  observation.  And  is  there  any  ab- 
surdity in  supposing  hotb  were  artificial;  that  the  latter  were  literally 
what  they  are  described  ;  and  that  stories  of  dragon-killing  heroea  are 
BOt  quite  BO  romantic  as  they  appear  1  A  literal  inten>retation  of  such 
matters  may  appear  preposterous,  but  a  alight  view  of  the  subject  vrill 
convince  unprejudiced  minds  that  it  is  not  half  so  absurd  as  many  receiv- 
ed metaphorical  solutione,  nor  ia  it,  like  them,  embarrassed  with  insure 
mountable  difficulties  i  on  tbe  contrary,  it  renders  things  intelligible 
which  paleologists  have  not  ventured  to  explain,  and  which,  without  re- 
ference to  Eolipilic  automata,  we  presume  they  never  can  explain — 
things  so  bizarre  they  know  not  what  to  make  of  them.  But  once  admit 
they  were  what  they  pretend  to  be,  and  there  is  little  difficulty  in  receiv- 
ing them ;  interpret  them  by  some  Other  role,  and  we  at«  at  once  caat 
•driH  on  the  ocean  of  conjecture. 

Admit  that  mythic  charactera  obtained  celebrity  from  battling  wiib 
Eolipilic  opponents;  that  some,  at  leaitt,oftbe  dragonaand  many-headed 
monsters  of  antiquity  performed  actions  ascribed  to  them — belched  out 
smoke  and  flame,  shrieked  and  growled,  and  on  the  approach  of  strangera 
or  "curious  impeninenta"  shook  themselves,  sprung  from  their  caves, 

J  they  were  commonly  and  for  good  reasons  located  in  dark  places)  often 
leslroyed  those  who  attacked  them,  and  sometimes  diasf^eared  in  sudden 
bursts  of  thunder  and  amidst  showers  of  thunderbolts — very  much  aa 
their  descendants,  the  stesm-dragons  of  the  present  day,  unfoTtnnately 
now  and  then  do.  Admit  this,  and  passages  in  history,  poetry  and  tradi- 
tion, hitherto  inexplicable,  become  recitals  of  facts ;  embaTraasing  enig-  ^ 
maa  ar«  unriddled,  and  the  supposed  offspring  of  fancy  are  found  sober 
children  of  truth.  That  Greek  and  Roman  writers  did  not  perceive  this 
is  little  to  the  point,  since  they  do  not  appear  to  have  been  acquainted 
with  fitting  Eolipiles;  they  were  therefore  necessarily  at  aloaa  to  ex- 
plain, except  by  metaj^or,  conflicu  between  these  machines  and  heroes 
of  ancient  days.  Sut  the  presiding  apirita  at  Eleusia  and  Delpboa  couM 
bave  furnished  the  clew,  and,  bad  it  suited  their  views,  could  have  iUus- 
trated  the  entire  series  of  lire-hreathine  monsters,  by  leferenco  to  their 
own  collections ;  for,  as  before  remarked,  Eolipiles  went  from  the  altar  tfr 
the  field. 

In  those  remote  times,  when  superstition  reigned  paiainomit,  when 
common  objects  and  evente  were  construed  into  omens  and  miWDtnnun 
ones  were  looked  on  ns  prodigiee,  tbe  debat  of  an  aktny  by  fire-breathing, 
warriors  would  form  an  epoch  in  barbarian  anaal 
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dons  ,of  flaming  chaiioU,  of  giants,  dragonB,  hippa^Rs  Qnd  hybrids  of 
every  faorrid  form,  uid  posmssing  fluperaatural  powers,  would  be  Ma- 
xODed  abroad  and  become  permanently  preserved  in  trsditian.  It  cnuld 
not  be  otherwise  ;  and  that  such  waa  really  the  case  is  evident,  for  my- 
thology and  remote  history  is  replete  with  these  very  things  ;  with  battles 
between  Gods,  Cyclops  and  Titans.  But  in  process  of  time  the  artificial 
nature  of  warring  Eolipiles  would  sooner  or  later  be  suspected  and  as- 
certained. Intrepid  individuals  took  conrage  to  attack  and  had  the  good 
fortune  to  destroy  one.  Success  made  them  heroes,  if  not  sumeihing 
more.  To  swell  tbeir  fame  the  form  and  faculties  of  their  strange  oppo- 
nents were  ditinrted,  and  the  story  repeated,  with  every  addirion  that  a 
love  of  the  marvellous  could  invent  or  credulity  receive,  till,  as  ages 
rolled  away,  it  became  jnet  what  such  atoiies  yet  extant  are— stories  of 
monster-killing  gallants  from  Jason  to  Saint  George. 

WARS    OF    TUB    QIANTB. 

In  the  wars  of  the  giants,  fire,  thunder  and  thunderbolts  were  the 
chief  destructive  agents,  and  these,  we  are  told,  wore  produced  by  and 
Mecte4  from  monsters,  apparently  precisely  in  the  maimer  of  Pusterich. 
&>me  had  more  heads  ana  arms  than  have  Hindoo  deities,  with  bodica 
terminating,  like  that  of  Dagon,  in  legs  resembling  fish  or  serpents. 
When  brought  into  battle  tlieir  terrible  aspects  and  the  volumes  of  flame 
they  poured  for^  filled  their  enemies,  the  godi,  with  consternation. 
Defeated,  these  fled  into  Egypt,  where  they  learned  the  nature  of  their 
ardent  foea.  Jupiter,  Hercules,  and  their  associate  refugees  having  thus 
ascertained  that  tbeir  victors  were  not  invincible,  recovered  courage, 
returned,  and  were  at  last  victorious.  Now  what,  when  stripped  of  orien- 
tal ornament,  does  this  amount  to,  but  a  conflict  similar  to  tnat  between 
Freater  John  and  his  Mongolian  invaders ;  between  Regnerus  and  bis 
unnatural  sons,  and  others  in  which  fire-spouting  images,  figured  in  this 
supplement,  were  employed  f  The  most  ingenious  conquenng,  whether 
gods  or  mortals  were  combatants.  The  names  of  the  mythic  parties 
were  misnomer*,  for  the  deities  were  ignorant  braggarts — they  could  not 
withstand  their  "  earth-bom  "  enemies,  hut  fled  for  refuge  and  instruction 
into  other  lands.  The  accounts  remarkably  resemble  Chinese  bulletins 
of  fights  with  Europeans — contests  between  modem  "  Celestials  "  and 
"outside  barbarians."  For,  ancient  like,  existing  "sons  of  heaven" 
seem  to  have  placed  at  first  as  much  dependence  upon  their  divine  pre- 
tensions and  their  comminattons  as  in  their  weapons,  and  therefore  were 
defeatod.  The  giants  were  probably  ingenious  or  scientific  men — the 
Roger  Bacons  of  their  day — in  advance  of  the  sge  and  consequently  de- 
nounced, as  such  have  ever  been,  by  self-styled  heirs  of  heaven,  as  infidel 
dogs  or  children  of  Tartarus. 

The  circumstance  of  the  divinities  flying  to  Egypt  when  they  could  not 
cope  with  the  fire-breathing  monsters,  or  rather  with  the  cunning  mon- 
Bter-maken,  is  remarkable.  There  they,  like  less  pretenders,  improved 
themselves  in  knowledge.  That  it  was  an  early  Pharaonic  policy  to  en- 
courage the  discontented  of  neighboring  nations,  is  abundantly  proved 
in  the  Old  Testament.  "  Wo  to  them  that  go  to  Egypt  for  help — that 
■trengthen  themselves  in  the  strength  of  Phsraoh  !"  [See  ha.  chaps.  30  and 
31 ;  Jerem.  42  and  43.]  How  deep  and  geneivl  must  have  been  the  im- 
pression of  the  power  of  the  Pharaohs  to  call  forth  the  declaration — "  Now 
the  Egyptiuu  are  ma  and  not  Ood ;  their  borses  flesh  and  not  apirit." 
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can  it  be  doubted  that  be  was  a  genuine  Puaterich  1 
rotis  lieade  resembling  those  of  aerpiints  or  dragons.  Flames  of  devoiir- 
tng  fire  rushed  hissing  from  his  mouth  and  eyes ;  he  uttered  horrid  yells 
like  the  (liaauDaiit  shrieks  of  different  animals.  He  was  no  sooner  bom 
than  he  warred  with  the  gods  aiid  put  them  to  flight,"  Not  a  circurn- 
Btonce  is  here  mentioned  that  does  not  accord  with  his  alleged  artificial 
character,  and  there  are  few  othera  which  do  not  harmonize  with  it. 
He  went  to  battle  as  soon  as  bom,  that  is,  as  soon  as  lie  was  made.  The 
wbule  fsmily  was  said  to  be  "  eartb-boni " — the  members  rising  out  of 
the  ground  completely  formed.  Sec.;  indicatiuns  of  their  gross  itot  ideal 
nature,  of  their  secret  construction  in  subterranean  workshops — the  lat- 
ter a  precaution  essential  to  the  recognition  of,  and  belief  in  their  Buper- 
natural  origin. 


The  name,  TypAon,  is  derived  Frorn  a  word  signi^ing,  "lo  imoJC-e." 
The  goddess  of  night  was  the  mother  of  monsters ;  an  enigma  beau- 
tifully expressive  of  the  secret  fabrication  of  Eolipilic  imagery^  Typhon 
and  his  brethren  were  moreover  sons  of  Tartarus  as  well  as  of  Terra — 
were  brought  forth  of  earth  by  the  assistance  of  bell — a  trait  still  further 
.significative,  and  nanicvlarty  of  the  element  by  which  they  were  anima- 
ted, that  from  which  their  terrors  were  derived.  Demons  they  were  in 
shape,  occupations  and  attributes ;  in  the  torments  they  inflicted  and 
the  victims  they  slew ;  tangible,  and  the  most  perfect  representations  of 
evil  principles  and  passions.  The  paternity  of  these  monsters  is  the 
same  as  that  given  to  modern  ordnance,  so  true  it  is  that  similar  thinga 
ever  produce  the  same  ideas.    A  thousand  times  have  guns  and  gnn- 

Eowder  been  described  as  iufemal  inventions,  as  conceptions  injected 
y  demons  and  matured  by  their  influence. 
Does  the  idea  seem  too  gross  for  contending  gods  and  demi-gods  to 
fight  with  Eolipiles  1  Let  it  be  remembered  that  Hilton  conid  find  no 
warring  engines  so  appropriate  for  Satan  and  his  hosts  as  aitillery.  In 
fact,  poets  can  only  arm  mortal  or  immortal  warriors  with  weapons  and 
agents  that  are  knowtt,  although  they  may  exaggerate  them.  All  sym- 
bolic imagery  must  be  deriTed,  directly  or  remotely,  from  earthly  types. 
The  author  of  Paradise  Lost  necessarily  followed,  in  this  respect  also, 
the  old  mythologists  he  copied,  and  as  "  fiery  monsters,"  whether  guns 
or  Eolipiles,  are  not  in  their  nature  and  eflecls  much  unlike,  we  find 
little  difference  in  ancient  poetic  descriptions  of  one,  and  modem  poetie 
descriptiiHis  of  ibe  other.  Indeed  [hey  might  often  be  interchanged  with- 
out detection.  The  monsters  described  by  Mittoo  as  mounted  upon 
wheels,  whose  mouths  with  hideous  orifices  gaped,  and  which,  with  im- 
petuous Airy,  belched  from  their  deep  throats  chained -ihuuderbolts  and 
iron  hsil,  are  therefore  no  sininger  proofs  of  guns  and  gunpowder  being 
knnwn  during  the  English  Commonwealth,  than  are  nre-breatfaing  hy- 
brids of  mythology,  of  the  early  use  of  Eolipilic  engines. 

Tna   COLCHIAN  BOLLS  AND  DKAOOK. 

If  we  turn  to  later  examples  we  shall  find  circomstancea  leaking  out 
which  betray  the  artificial  character  of  mythic  monsters.  The  ArgOL 
nautiG,  like  all  early  expeditions,  was  of  a  piratical  nature.   Its  objeot 


■■"K'^ 


Madea  and  JaKmi^-Flj/ing-Dragmu.  21 

die  ColchiiD  treasunr,  or  tfaa  "  golden  fleece,"  a  tenn  ia  ancient  Syria* 
implying  treasures  of  gold.  These  were  protected  by  a  dragon,  and  by 
two  oraseii -horned  and  hoofed  bulls,  which  flashed  from  their  moutlM 
«ad  noscnls  flames  and  smoke.  As  usual,  they  were  located  at  the  eo- 
tnooe  of  «  care. 

"  Thick  smoke  thrir  nMrrraiMMU  home  proelatnu; 

"  Fron  Ihelr  broad  ooilrlla  panr  the  rolling  flameit,*' 

[Jj»Umwi,  L.  iii.l 

The  daughter  of  .£etea  (the  Colchian  king)  becomes  enamored  of 
Jason.  The  Invers  swear  eternal  fidelity  to  each  other;  and  to  save  the 
adventurer's  life,  Medea  explains  to  him  the  secret  of  the  monster'a 
Boww^  Thus  informed,  ana  furnished  with  an  ointment  to  protect  bia 
ftce  and  hands  from  the  singeing  blast  at  the  onset,  he  approached  with 
a  smiling  countenance,  as  well  he  might,  and  quickly,  to  the  chagrin  of 
the  monarch,  subdued  the  "  brazen  "  monsters.  If  any  doubt  remains  re- 
specting the  true  character  of  this  transaction,  it  is  greatly  if  not  wholly 
removed  by  the  subsequent  conduct  of  Medea.  She  every  where  evia- 
eea  familiarity  with  the  principles  of  the  Kolipile — with  secret  applicadona 
of  fire,  steam,  sulphur,  inflanimable  fluids  and  explosive  compositions. 
(See  page  120.)  By  the  adroit  use  of  these,  which  she  introduced  into 
Greece,  she  became  celebrated  as  the  most  expert  enchantress  of  an- 
tiquity. It  was  by  a  clever  but  diabolical  trick  in  Pynitechnics  she  de- 
atroyed  Creusa,  while,  further  to  be  revenged  on  her  unfaithful  husband, 
she  contrived  to  set  bis  palace  in  flames  and  then  disappeared  in  a  cha- 
riot draMU  by  winged  dragons ! — probably  some  startling  pyrotecbnio 
device  learned  from  the  magicians  at  her  father's  citurt,  and  under  tbs 
&net  of  which  she  withdrew ;  unloM  we  are  to  suppose  she  was  blown 
up  by  the  explosion  of  one  of  her  own  caldrons  or  compounds. 

There  is  so  improbability  in  the  supposition  that  attempts  at  flying 
were  somewhat  frequent  in  remote  ages,  and  that  jugglers  and  artists, 
like  Dcedalus,  did  then,  as  in  subsequent  limes,  get  up  exhibitions  of  th« 
kind ;  but,  be  this  as  it  might,  it  may  be  taken  for  granted  that  so  expert  a 
pyrotechnist  aa  Medea,  was  at  no  loss  in  sending  up  a  chariot  with  an 
artificial  representation  of  herself,  on  the  same  principle  aa  snch  things 
bave  been  done  from  time  immemorial  in  India  and  among  the  Chinese. 
They  were  common  a  few  centuries  ago  in  Eumpe.  Like  most  old 
writers  on  five-works,  John  Bate  gives  directions  how  to  make  "  fire- 
drakes  "  and  "  flying-dragong."  The  latter  were  to  be  constructed  of 
riba  of  light  and  dry  wood,  or  with  whalebone  "  covered  with  muscovis 
glasse  and  painted."  They  were  to  be  filled  with  "  petrare," — fiery  ser* 
pents  were  attached  to  their  wings,  which  were  arranged  to  shake  when 
the  monster  moved.  A  sparkling  composition  was  to  bum  at  the  mouths 
and  tails,  and  one  or  two  large  rockttM  were  to  be  attached,  "  according 
to  the  bignesse  and  weight  of  each  dragon."  The  trick  of  Simon  Magus, 
in  presence  of  Clandian  or  Nero,  was  perhaps  allied  to  that  by  which 
the  Colchian  enchantress  astounded  her  adopted  countrymen.  Qiving 
out  that  he  would  prove  his  divinity,  or  bis  alliance  with  the  gods,  by 
flying,  he  appeared  at  the  appointed  time,  as  the  story  says,  on  the  top 
ot  a  nigh  tower,  whence  he  flung  himself,  (or  an  artificial  substitute,) 
and  floated  for  some  time  in  the  air,  supported  by  demons  or  dragon*. 
The  latter  no  doubt  as  real  as  the  huge  acarabeus  which  Dr.  John  Dee, 
state-conjurer  to  Elizabeth,  made,  and  which  flew  off  with  a  man  on  in 
back,  sod  took  a  basket  of  provisions  for  the  journey. 

Otiental  literature  is  Isden  with  aerial  exploits  of  this  nature— of  en* 
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dunteTB,  who  like  Medoa,  or  Ui^snda  in  Amadia  de  QwaX,  tnnapoitBd 
■nen  through  the  air  on  utifieial  •erpeais  and  dngons,  and  of  conflicla  be- 
tween knights  and  monsten.  Bat  tar  the  bias  of  thoae  ▼olumea  on  "  cu- 
rious arts," — the  pile  of  m^ical  books  bnmt  at  Epbesua — {Aett,  xix.  19.) 
many  an  ancient  and  modern  prodigy  might  have  been  explained.  We 
blow  with  what  ardor  marvellous  tricks  and  siories  were  devised  aad 
coDCocted  in  the  middle  ages,  and  with  what  avidity  ^pisg  multitudea 
received  them.  Even  at  this  very  day  similar  tricks  are  played  c^  suc- 
cessfully by  monks  to  unsuspicious  congregadons.  Is  it  any  wonder, 
Aen,  to  find  pagan  boors  in  Roawn  times,  and  others  in  the  darkest  of 
mythic  epochs,  dupes  to  expert  jugglers  t  We  may  regret  the  infttaadon 
oftemote  ages,  but  we  should  not  forget  how,  in  comparatively  laio 
days,  tradidons  arose  and  swelled  in  wonder  as  years  rolled  over  tb«B, 
sad  bow  mechanical  devices,  simple  in  themselves,  but  not  comprehend- 
ed by  the  public,  were  metamorphosed  into  supemataral  productioiiB, 
which  iacressed  in  mvstery  and  magoitude  as  the  times  wben  they  wei« 
contemplated  receded  from  those  of  their  birtb.  Had  printing  not  been 
introduced  we  might  have  competed  with  the  ancients  in  prodigies,  and 
prodigies  as  fiilly  believed ;  for  there  are  few  old  examples  derived 
from  tangible  mechanism,  or  pure  phantasms,  that  hsve  not  been 
imitated  by  modem  manufacturers.  But  alas  for  these !  the  revival  of 
letters  is  the  bane  of  their  fame.  Stripped  of  tbeir  borrowed  garments 
they  stand  before  us  as  ordinary  mortals — a  predicament  most  of  their 
predecessors  would  be  in,  bad  we  equal  facilities  to  disrobe  them. 

The  manner  of  taming  the  dragon  at  Colcbis  is  characteristic.  It  was 
the  work  of  Medea  rather  than  of  Jason,  accomplished  privily,  and  al 
midnighL  Instead  of  instruciing  the  leader  of  the  Grecian  adventurers 
to  attack  it  as  he  attacked  the  bovine  monsters,  armed  with  his  laulcbion 
and  club — a  species  of  combat  that  might  have  alarmed  the  palace,  she 
adopted  a  process  more  quiet  and  equally  efiecdve ;  in  fact,  just  such  an 
one  u  might  have  been  expected  from  her. 


A  triple  tire  of  forked  EtiBga  he  drsTS, 
With  bDKK  sod  wings  of  ■  prndis-ious  size : 
Buck  was  ihe  gaardian  of  ibe  golden  prize. 
Yet  hjm,  btiprinkUd  rnUt  Leilixan  dtm, 

Ths  fair  eaebanirAa  into  iiumbtri  Utrtr,"    [Met.  vil.] 

That  is,  in  nnadomed  prose,  she  turned  or  tbrew  on  the  concealed 
boiler  and  furoace  a  shower  o(  cold  teater ;  and  tbtis,  without  injuring 
the  dragon,  sent  him  as  effectually  to  sleep  as  a  steam-engine  is  without 
tfeam — the  vety  device  which  bas  been  recommended  to  render  h&im- 
leas  a  boiler  when  ready  to  explode. 

The  incident  mentioned  by  Apollonius  of  the  dragon  hissing  so  hor- 
ribly and  loud,  when  tlie  two  lovers  approached,  as  to  cause  neighboring 
forests  to  echo  back  the  sound  and  make  distant  people  start  in  their 
dreams,  is  pure  hyperbole  ;  if  modified  to  an  ordinary  growl  it  is  faBrdlj 
reconcileable  with  what  he  just  before  narrates  of  the  lady  being  so  caa- 
dous  of  awakening  the  numerous  palace-guards  as  to  escape  throagh 
by-paths  barefoot.  Sensible  of  the  solecism  he  in  the  next  bniaih  as- 
cribes the  undisturbed  repose  of  £eteB  and  his  family  to  magic.  It 
would  however  be  futile  to  attempt  to  extract  unadulterated  truth  in 
merji  particular  from  labored  ficdon,  and  particularly  in  dragon  history. 
So  make  out  where  truth  and  fable  meet,  where  one  begina  or  tb«  other 
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enda.  Facta  woven  up  in  old  poetiywara  Bke  woollen  tlireada  in  BabjF- 
Ionian  gBrment^— valued  id  proportion  as  they  wera  embellished.  Tbs 
poet's  like  the  aculptor'a  or  embroiderer's  skill  was  meaBureil  by  the  art 
with  which  ordinaij  materials  were  lost  in  forms  and  ornament.  Few 
think  of  aluminous  earth  white  viewioe  the  splendid  vase,  and  none  look 
for  truth  unadorned  in  works  of  classic  artists. ' 

THE  OBIMARA. 

The  Chimsra  destroyed  by  Bellerophon  looks  very  like  another  speci- 
men of  Eolipilic  iogeauity,  Utough  represented  of  course  as  a  living  ani' 
mal,  agreeably  to  legendary  tradition  sad  poetic  license.  Homer  de- 
■cribes  it  as 

Lion  raced. 

With  dragoD  lail,  shag  bodied  as  the  goal, 

And  tnm  his  jawa  (Reeling  sireams  of  fire.    [Jl.  vi.] 

The  moat  popular  of  ancient  explanations  suppoaes  this  monster  sig- 
nified a  burning'  mountain,  whose  top,  on  account  of  its  detoiate  natura, 
was  the  resort  of  lions,  [an  obvious  contradiction]  the  nuddle  being  fruit- 
ful, abounded  with  goats,  the  marshy  ground  at  the  bottom  swarmed 
with  serpents,  and  Belterophon  by  cultivating  the  mountain  subdued  it) 
Such  is  one  of  the  best  specimens  of  classical  guessing,  and  yet  botb 
mountain  and  its  inhabitants  were  suppositious — assumed  for  want  of 
better  grounds  of  conjecture.  It  is  observable  that  old  fire-breatbiDg 
monsters  are  represented  as  akin  to  each  other :  thus  the  Chimaera,  the 
dragon  which  guarded  the  golden  fruit  in  the  garden  of  the  Hesperidee, 
Cerberus  and  others,  were  related  to  Typhon  and  the  rest  of  the  giante- 
ss if  to  intimate  their  common  nature,  so  that,  according  to  mythology 
itself,  if  one  was  an  automaton,  all,  or  nearly  all,  partook  of  the  same 
character.  If  the  mountain  supplied  the  true  solution  of  the  Chimssra,  it 
should  furnish  a  key  to  unriddle  the  rest,  but  it  would  be  impossible  to 
locate  volcanoes  where  fiery  dragons  were— in  gardens,  cellars,  palacea, 
&c.  and  still  more  so  to  m^e  tlum  travel  abroad  and  rush  hiUier  and 
thither  in  battle. 

'  Hnw  much  more  reasonable  to  admit  the  Chimaera  to  have  been  as 
Eolipilic  dragon ;  its  description  is  then  natural,  its  appearance  and  per- 
fitrmancea  credible,  and  its  demolition  by  the  great  captain  coQsiswnL 
Old  demi-gods  did  not  acquire  their  titles  by  wielding  the  mattock. 

If  the  £gure  No.  S89  had  a  couple  more  heads  and  were  furnished 
with  the  caudal  terminus  of  a  lizard  or  cayman,  it  would  fiirm  no  bad 
representation  of  the  Chimffire. 

GACDi. 

As  like  causes  produce  like  effects,  so  in  early  as  in  later  times  dis- 
banded soldiers  turned  oflen  robbers.  Too  idle  to  work,  numbers  of 
these  rutRans  lived  by  private  plunder  when  opportunities  ceased  for 
sharing  public  spoils.  Not  a  few  of  the  old  heroes  belonged  to  this  class, 
and  among  them  was  Cacut.    The  story  of  this  famous  thief  is  aa  admi- 

>  There  Is  a  Hrlking  llbenoa  In  the  mumen  cdWoom  and  supersiltloiu  of  Ihe  Col- 
chlaos,  as  portrayed  br  Apollonian  Rbodius,  and  tbobc  of  ihe  people  described  bv  Baxo 
and  Olaus  Magna*.  Ii  vould  be  a  curious  fad  if  fiebiing  and  jUttling  Eolipiles,  or 
the  knowledee  of  ihem,  tiogered  in  the  regioDs of  tlie Euxine  andCaspian  from iha 
adventare  of  the  Ai^naaiit  lo  the  battles  la  which  the  snlomatans  npresCDled  in  figs. 
Sa9  and  3M  are  said  to  hare  been  employed.  It  was  from  Bcjthia  the  aits  of  brass- 
fiHuding  and  working  in  metals  descended  to  lower  laiitodes,  aeconliiig  to  PUny, 
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rablo  commaDt  on  the  itata  of  Bocietj  in  his  daj,  besidm  fiiniwfaiii^  aa^ 
other  apecimflD  of  fraud  preying  on  credulitj  by  mesna  of  Gotipiles.  A. 
son  of  Vulcan,  he  know  aomething  of  machinery  and  of  the  wooden, 
honest  and  diahonest,  bii  father  wrought  bj  iL  Aa  luoal,  he  occHpied  ft 
eava  favorably  located  for  his  parposea. 

....  See  TOO  rock  rhit  mates  Ihe  tkj, 

Aboat  whose  feet  sach  heaps  of  rubbish  lie; 

Bach  iadlgested  rala;  blealc  and  bare, 

Bow  deseii  now  it  iitBcdi,  exposed  id  bit  I 

"Twas  oDce  a  robber's  den,  enclused  aniiiod 

With  living  siooe,  and  deep  beneath  ihe  ^roond 

The  tnoDMer  Cacus,  more  than  hair*  beast, 

This  hold,  tmpeivious  to  the  sdd,  poeaeHa^d.    [En.  riil.   Drydim.} 

At  the  cavern's  moath  he  had  a  triple-beaded  image,  which  (not  ita 
owner)  belched  black  clouds  and  livid  fire.  It  was  at  length  destroyed 
hj  Hercules,  who  we  have  seen  had  some  experience  in  such  matters. 
The  success  of  Cacoa  in  levying  contrihutiona  fruin  the  fields  and  ft^da 
of  the  simple  inhabitants  of  the  neighborhood,  and  on  dm  vera  passing 
tbrough  it,  appears  to  have  been  due  to  the  tact  by  which  he  made  it 
generally  believed  that  he  and  the  mooster  were  one  and  the  same  indi- 
vidual : — a  common  ruie  this  in  such  cases,  and  ooe  by  »o  means  pecu- 
liar to  mythic  epochs.  He  made  his  forays  in  the  night,  and  lay  concealed 
during  the  day. 

The  personification  of  Eolipllic  and  other  images  was  in  keeping  with 
their  design,  and  necessary  to  preserve  their  influence  over  the  igno- 
rant. As  they  sustained  the  characters  of  gods  and  demigods,  they  were 
addressed  as  such.  The  practice  differs  but  little  from  what  is  now  in 
TOgue ;  fire-engines,  mills,  ships,  guns,  &c.  have  male  and  female  desig- 
DSlions,  are  often  spoken  of  as  if  endowed  with  spontaneity  and  pas- 
sions ;  but  with  not  half  the  propriety  ss  androids  representing  and  per- 
forming functions  of  living  beings.  Sometimes  these  are  so  delineated  in 
their  apposraoce,  feelings,  employments,  &c.  that  no  doubt  of  men  being 
intended  could  arise,  were  they  not  at  other  times  associated  with  attri- 
butes and  deformities  unknown  to  humanity.  The  solution  is  however 
easy  : — The  ancients  like  ihe  modems  gave  their  nsrttes  to  certain  classes 
of  devices,  and  it  is  descriptions  of  these  which  we  confound  with  the 
penons  after  whom  they  were  named — the  artificial  dragon  of  Cacoa 
with  that  individual.  The  same  cause  of  misapprehension  may  take  place 
with  regard  to  men  and  things  of  our  day.  What,  for  example,  must  peo< 
pie  think,  some  thousands  of  years  hence,  of  Washington  and  Franklin, 
if  all  memorials  of  them  should  then  be  lost  except  a  few  statements,  ot 
which  one  described  ihem  as  floating  monsters,  300  feet  in  length,  with 
scores  of  famzon  mouths  through  which  they  vomited  floods  of  fire  and 
roared  so  toud  as  to  make  mountains  quake  : — or  according  to  another 
they  were  of  leas  majestic  size,  hut  showering  volumes  of  smoke  from 
iron  throats,  trembling  with  passion  when  obstructed  in  their  progress, 
and  then  starting  forward,  gasping  and  galloping  over  the  ground  with 
almost  lightning  speed,  and  leaving  trains  of  fire  behind  !  Land  and  wa- 
ter dragons  I  What  cemid  such  people  think  unless  informed  that  74  gun- 
ships  and  locomotive  carriages  oflen  bore  the  christian  names  and  sur- 
names of  those  celebrated  men. 


Oeryon,  another  demigod,  resembled  Cacus  in  appearance  but  not  in 
--*"~'*-~~-e  and  condition,  for  he  was  a  prince,  and  rich  in  flocks  aod 
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hotds,  uid  to  gnaid  tbem  had  a  dog  with  two  hescls  and  a  dragon  witb 
WTan ;  both  of  wbich  were  OTercome  by  Hercules,  who  also  slew  their 
owner  and  seized  the  cattle  as  his  rightful  spoil.  This  Quixote  of  mytho- 
logy tiavelled  in  quest  of  strange  adventures,  and  enriched  hitDself,  aa 
sit  heroes  did  and  do,  by  rapine.  In  bis  time,  as  in  Job's,  wealth  cotMiat- 
ed  principally  in  cattle ;  and  cattle  stealing  was,  as  in  subsequent  times, 
not  held  dishonorable— except  when  unsuccessFnl.  Gods  and  demigods 
followed  and  acquired  fame  bv  the  profession.  Of  primitive  mose-trot^ 
ets  none  equalled  Mercury  ana  Hercules  in  cunning ;  it  was  tberefore  % 
sad  mistake  in  Cacus  to  seize  eight  of  Qeryon's  kine  while  in  the  posses- 
sion of  such  a  bold  and  knowing  drover  as  Alcides.  Though  he  succeeded 
in  getting  tbem  unperceived  into  bis  den,  his  fire-spitting  image  bad  no 
fears  for  the  enraged  loser,  who  was  too  familiar  witb  such  thin^  to 
dread  tbem. 

This  primitive  prevalence  of  robbery  sufficiently  accounts  for  the 
tdoption  of  secret  and  extraordinary  devices  to  scare  night  thieves  &otn 
fbitu  and  dwellings  of  the  rich ;  and  sure  we  are  that  modem  ingenuity 
■night  be  taxed  in  vain  to  produce  one  better  adapted  to  terrify  the  igno- 
rant and  keep  the  dishonest  at  bay,  in  dark  and  grossly-superstitious  times, 
than  flamo'ejecting  Eolipiles.  On  the  approach  of  a  thief,  the  concealed 
•itendant  had  only  to  open  a  cock  to  send  a  scorching  blast  on  the  oSend- 
er,  or  the  latter  might  himself  unconsciously  be  made  to  open  it  by  bis 
weight — a  species  of  contrivance  perfectly  in  character  with  the  genius 
and  acknowledged  productiona  of  ancient  artists.  Vulcan  was  full  of  such 
conceits.  Even  now  a  grim-looking  image  of  the  kind  would  excite  no 
little  horror  among  stupid  burglars,  while  it  would  strike  savages  dumb. 

The  word  Geryon,  according  to  some  psleologieis,  signified  thunder* 
bolts,  and  was  allusive  to  the  hissing,  piercing,  overwhelming  and  scorch- 
ing blasts  which  issued  from  the  dog  and  dragon,  or  from  a  triple-bodied 
■monster  called  Geryon  ;  not  a  slight  intimation  this  of  their  Eolipilie 
nature.  In  fact,  to  consider  tbem  as  figurative  creuiona,  and  the  rest  of 
the  characters  and  objects  real,  is  inconsistent ;  unless  it  be  conceded 
that  Geryon's  cows  were  kept  &om  thieves  by  metaphors,  and  that  these 
were  backed  and  shatter^  ny  material  clubs  and  faulchions.  It  would 
hare  required  some  flaming  similes  to  frighten  experienced  catile-ti iters 
like  Cacua  and  Autolycus  from  their  destined  prey,  or  to  induce  them  to 
yield  up  acquired  spoils. 

To  resolve  these  "brazen"  monsters  into  mere  crestions  of  the  brain, 
appears  to  us  as  resaonable  as  to  explain  away  in  like  manner  metallins 
automata  of  the  Bible — representing  them  as  having  had  no  connection 
with  the  crucible,  but  simple  abstractions :  the  serpent,  for  example,  as 
emblematical  of  the  cuiming  of  Hoses,  and  the  calf  uf  stupidity  in  the 
people.  By  the  same  process,  we  might  interpret  the  "brenze  '  vessd 
or  statue  in  which  Euryatheus  concealed  himself  from  Hercules  into  an 
imuinary  symbol  of  excessive  fear;  and  so  with  the  brazen  bull  of 
Fbuaris  and  horse  of  Aruntius,  in  wbich  human  victims  were  consumed, 
and  their  shrieks  made  to  resemble  the  bellowing  of  oxen,  by  reverbera- 
ting through  interior  tubes  :  a  device  probably  as  old  as  Amalekitish 
artists,  and  even  older.  The  calf  or  heifer  cast  by  the  Israelites  in  the 
wilderness  "  lowed,"  according  to  the  Koran.  (Chap,  vii.) 

No  one  can  doubt  the  ability  of  workmen  ancient  as  Vulcsn  and  the 
Cyclops  to  produce  machinery  of  the  kind.  If  one  fact  be  more  orominent 
(ban  another  in  the  earliest  records,  sacrad  and  profane,  it  is  the  perfeo- 
tion  to  which  brass-founding  had  arrived,  and  the  amazing  extent  to 
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which  inetolHc  im&^ry  ms  cairted.  This  waa  a  natural  result  of  tAtA- 
atrj.  Superstition  waa  the  nurae  of  these  arts ;  the  koenest  intellects  and 
finest  workmen  were  engaged  in  tbem.  The  grand  diuinction  between 
the  useful  professions  of  past  and  present  times,  is  not  due  to  any  differ- 
ence in  capscity  or  skill,  but  to  the  estimation  in  which  the  arts  were  and 
are  held.  The  ancients  were  ignorant  of  their  destined  influence  os 
human  happiness  and  glorjr,  and  therefore  only  such  branches  were  pa- 
tiY>niaed  as  strengthened  the  hold  of  chief  priests  and  rulers  on  the  nnil- 
titode. 


It  is  said  of  Hercules  that  he  went  about  subduing  the  powerful,  iv- 
liering  the  oppressed,  and  exposing  frauJ  ;  but  when  occasions  required 
be  obviously  acted  ihe  Juggler  himself.  The  last  and  greatest  of  his 
twelve  labors — bis  Cerberean  adventure — bean  on  every  feature  traces 
of  trick.  He  here  employs  the  very  device  which  Cacus,  Geryou,  £etea 
and  ethers  had  found  so  successful.  To  play  it  off  welt  would  establish  his 
fame  over  all  competiton.  Having  destroyed  every  earthly  dragon  he  had 
beard  of,  he  undertakes  to  wind  up  his  B<^ieTements  in  that  line  by  prov- 
ing bis  prowess  upon  the  one  which  guarded  the  gates  of  hell.  It  was 
therefore  given  out  that  he  was  about  to  bring  up  Cerberus  to  light  and 
exhibit  him  to  mortal  view.  This  would  eclipse  all  other  dragon  transac- 
tions, and  thiahe  accomplished  I  Is  it  asked  how  I  Why,  by  entering  a 
"dark  casurH"  on  Mount  Ttenanis,  and  afler  a  while  dragging  to  its 
month  a  three-beaded  dog — an  Eolipilic  automaton  !  As  the  exhibition 
was  of  course  made  in  the  night,  the  aflVighted  spectatora,  and  all  not  in 
the  secret,  could  not  doubt,  at  the  distance  they  stood,  the  presence  of  the 
canine  guardian  of  Tartarus;  its  eyes  glaiing  with  living  fire,  smoke  pour- 
ing from  its  jawB,  its  movements  and  the  noise  it  made,  would  more  than 
ensure  conviction.  The  public  part  of  the  performance  being  over,  the 
exhibiter,  afi;reeably  to  promise,  instantly  set  about  (no  doubt  to  the  grati- 
ficstion  of  the  audience  and  puticnlu'ly  of  Kuryatheus)  to  remove  the 
monster  to  its  own  domicile.  There  is  no  room  to  duubt  this — he  certakily 
pulled  it  back  to  the  place  whence  hedrewit  forth,  and  none  were  so  bold 
as  to  follow  and  see  how  he  succeeded.  Probably  not  one  of  the  beholden 
but  would  rather  bis  bonds  and  feet  bad  changed  places  than  have  ren- 
tured  within  the  care  on  this  occasion. 

We  can  form  a  pretty  accurate  idea  of  the  sanorons  "roarings,"  the 
"  hissings,"  and  "  variegated  yells  "  of  mythic  monstere,  by  similar  sounds 
produced  when  steam  is  blown  off,  through  various  formed  orificea,  from 
modem  Eoli piles. 

A  distinction  is  observable  in  the  characters  and  applications  of  Gre- 
Tomiting  images.  Those  which  represented  gods  or  warriora  partook 
more  or  less  of  the  human  figure,  while  such  as  guarded  enclosures  for 
'  G&ttle,  habitations,  and  places  where  riches  were  kept,  put  on  forms 
compounded  of  dogs,  serpents,  lizards,  bats,  &c.  i.  e.  wei«  dragmu—va 
idea  derived  from  the  employnient  of  household  mastil&  and  shepherd 
GUTS.  (A  beautiftil  illustration  of  the  practice  of  protecting  houses  is 
■een  on  entering  the  vestibule  of  "The  house  of  the  Tragic  poet"  at 
Pompeii.  On  the  mosaic  pavement  is  lively  represented  a  fierce  tmd 
full-Bized  dog,  collared  and  chained,  in  the  act  of  barking,  and  ready  to 
spring  upon  the  intruder.  At  his  feet  is  the  caution,  in  legible  letteni 
eat>e  canai%,  beware  of  the  dog.)  Griffins,  or  dragons,  says  Pliny,  form- 
tflj  guarded  gold  mines,  and  in  old  itlaatntsd  works  some  queep-look- 
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tag  nondescripts  are  seen  perfonmng  that  duty.  The  seotimeiit  waa 
OGce  anivereally  received ;  it  atill  has  belieTera  in  benighted  parts  of 
Europe,  and  over  a  grest  part  of  the  East.  It  was  encouraged  by  inte- 
raatea  individuala  to  keep  timid  thieves  at  a  distance.  Ridii;ulous  as  it 
appears,  it  accords  with  every  other  occupatioD  of  dragons.    Why  not 

Jimtect  rich  mines  as  well  as  a  few  pounds  of  metal  1  The  story  or  the 
act  gave  rise  to  the  fable  of  Cerberus;  for  Tartarus,  its  occupants  and 
their  occupations  were  all  derived  from  earthly,  tangible  types. 

Pluto  wDS  an  extensive  minin?  proprietor,  Tartarus  his  subterranean 
domains  ;  iu  fires  his  furnaces.  Demons  were  felons  condemned  "  to  the 
tunes,"  where,  naked  and  in  "  chains,"  some  toiled  in  darkness,  and  were 
urged  ti>  unnatural  exertions  by  the  lashes  of  inexorable  overseers ; 
odiecs,  ghastly  &om  inhaling  the  poisonous  fumes,  appeared  still  moru  so 
in  the  glare  of  sulphurous  fires,  in  which  they  roasted  and  smelted  the 
ores.  Their  punishment  was  endless,  their  sentence  irrevocable  ;  they 
bad  no  hopes  of  pardon  and  no  chance  of  escape.  Cerberus  freely  per- 
mitted all  to  enter  the  gate,  but  not  one  to  pass  out.  There  were  no 
periods  of  cessation  from  labor;  their  fires  never  went  out;  both  night 
and  day  the  smoke  of  their  tormenta  ascended  ;  groans  never  ceased  to 
be  beard,  nor  the  rattling  of  chains  and  shrieks  of  despair.  Acheron, 
CocytuB  and  Styx  were  subterranean  streams,  each  possessing  some  pe- 
Guliar  feature  or  property,  while  near  Phlegotbon  arose  a  stream  of  car- 
buretted  hydrogen,  a  phenomenon  not  uncommon  on  the  earth's  surface, 
bat  often  occurring  in  minea.  Such  is  the  most  probable  exposition  of 
the  origin  of  Tartarus.  From  what  else,  indeed,  could  the  heathen 
have  derived  the  idea  at  epochs  anterior  to  Scripture  descriptions  of 
hell,  and  before  prophets  nr  apostles  flourished  1  We  know  that  the  an- 
cients sent  their  worst  felons  to  the  mines,  and  that  these  places  pre- 
sented the  most  vivid  representations  of  severe  and  eeateluM  punishment 
which  the  earth  affords.  The  sreater  part  of  the  convicts  ere  ihey  en- 
tered these  dreary  regions  took  their  last  look  of  the  sun.  With  shud- 
dering horror,  pale,  and  eyes  sghast,  they  viewed  their  lamentable  fata. 
Hilton's  description  of  hell  was  literally  true  of  ancient  mines  and  buIk 
tarranean  smelting  furnaces. 

"  A  dungeon  horrible,  on  all  sidn  Bronnd 

As  one  greal  fjraace  fiam'd,  fet  from  those  flames 

No  light,  but  ralber  darkness  visible 

Serv'd  only  lo  discover  Kigbis  of  wo; 

Region!  of  sorrow,  doleful  shades,  where  peace 

And  rest  enn  never  dwell,  hope  never  comes 

Thai  comes  to  all ;  but  lortore  wilhoal  end 

Still  nrges,  and  a  fierj  dvluge,  fed 

With  ever-bntning  salphac  unconstiined." 
I>o«B  the  reader  tbink  the  picture  too  highly  colored  for  mortal  per- 
ditionT  Why,  it  ladts  a  modem  trait,  one  more  revolting  than  the 
ancients  ever  imagined.  Boys  and  ^rls  from  six  to  ten  years  and  up- 
wards, hont  and  brfd  in  coal-pita,  less  knowing  than  brutes,  and  incom- 
parably worse  cared  for,  are,  or  were  recently,  wholly  employed  in  drag- 
ging and  pushing  on  all  fours,  and  perfectly  denuded,  laden  aled^es 
through  dark,  broken,  wet  and  tortnous  paasa^s  or  sewera  to  the  pit's 
mouth  I  And  this  too  in  a  christian  and  enlightened  land,  where  no 
nnall  part  of  the  people's  earnings  are  consumed  by  an  opulent  hie- 
rarchy 1  Is  it  possible  for  hell  itself  so  effectually  to  efface  God's 
image,  or  to  heap  anch  accumulated  woes  on  infant  and  unoBending  Tic- 
tins  1  Plato  and  hia  mymudons  would  have  quaked  with  paapon  at  tite 
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bare  proposal  of  such  a  ■cheote ;  yet  it,  and  other  erHa  scarcelj  leas 
sickening  and  vile,  have  dieir  defenders  among  those  who  worship  the 
tnoluchs  ofmotiBrchy  and  mammon.  Heaven  help  the  oppressed  of  tbia 
earth — the  creators  but  not  partakers  of  its  wealth — who  industriouslj 
toil,  and  through  excessive  penury  prematurely  die — urged  to  prodnca 
a  maximum  amount  of  work  witb  a  minimum  of  rest  and  fimd — who 
with  their  oi&priDg  groan  in  hopeless  misery  here,  and  are  threatened 
with  endless  torments  in  another  life  if  they  remain  not  MoHtfitd  "in 
that  station  into  which,"  some  reverend  and  blaspheming  despots  say 
"  it  bath  plrased  God  to  call  them !" 

The  reaAon  why  sulphur  figured  so  largely  in  descriptiona  of  Tar> 
tarus  must  be  apparout  to  all  convenant  with  mining  and  metalhirgtcal 
operations.  It  is  the  earth's  internal  fuel,  the  most  profuse  of  aubtena- 
nean  inflammable  substances.  It  pervades  most  mineral  bodies ;  and  not 
minerals  alone,  but  in  metalliferous  ores  it  wonderfully  abounds.  All  the 

iirincipal  ores  of  commerce  are  sulphureta;  iron,  silver,  copper,  tin. 
Bad,  zinc.  Sec.  Of  these  some  contain  IJJ,  and  others  50  per  cent,  and 
upwards  of  sulphur,  to  get  rid  of  which  constitutes  the  chief  difficulty  in 
their  reduction.  In  order  to  this  they  are  "roasted"  at  a  low  red  beat 
for  six,  twelve,  twenty,  and  some  for  thirty  hours,  that  the  sulphur  may 
be  volatilised,  and  not  till  its  blue  flames  cease  ia  the  signal  realized  to  in- 
oresAe  the  heat  and  fuse  the  metal.  Thus,  for  eferi  ton  <^  the  latter,  haU 
■  ton,  and  often  a  whole  ton  of  the  former  has  to  be  driven  off  in  flames 
■nd  vapor ;  so  that  it  was  with  strict  propriety  said  that  Pluto's  fires 
were  red  witb  it.  Comparatively  speaking,  they  consisted  of  little 
else,  and  little  else  was  felt  or  seen.  It  impregnated  every  object,  iriiile 
from  its  offensive  odor  and  suflbcating  fumes  none  could  escape.  Im- 
mense quantities  of  common  brimstone  are  obtained  by  collecting  and 
condensing  the  vapors  that  ascend  from  smelting  furnaces;  and  it  may 
have  been  this,  or  a  native  mass,  which  formed  the  throne  or  usual  seat 
of  the  lord  of  the  lower  regions.  As  long  as  the  earth  endures,  volcano* 
bum,  and  minerals  are  reduced,  there  will  be,  ba  in  Pluto's  time,  aiti- 
ficia]  as  well  aa  natural  fires  of  ever-burning  sulphur. 

There  are  passages  in  Mauodeville's  Travels  corroborative  of  Carpini'a 
images  and  Pliny's  Griffins.  He  speaks  of  artists  in  northern  Asia  aa 
wonderfully  expert  in  automatical  contrivances — "  fulle  of  cauteles  and 
totylle  dUcei/lei,"  making  "  beeles  and  bryddes,  that  songen  fiill  delecta- 
bely,  and  meveden  be  crafl,  that  it  semede  thei  weren  quyke."  In  fats 
28  Cap.  he  describes  a  valley  rich  in  gold  and  silver,  (in  the  "  lordchippe 
of  Prester  John,"]  hut  it  abounded  with  devils,  and  few  men  who  ventured 
there  for  treasure  returned.  This  was  the  story,  and  we  need  not  say 
how  like  a  primitive  artifice  to  scare  people  from  intruding.  "  And  in 
mydde  place  of  that  vale,  wtdir  a  reche,  ia  an  bed  and  the  visage  of  a 
devyl  bodyliche,  fulle  horrible  and  dreadCiille  to  see,  and  it  schewethe 
not  but  the  bed  to  the  schuldres.  But  there  is  no  man  in  the  worid  ao 
hardy,  Cristene  man  ne  other,  but  that  he  wold  ben  a  drad  for  to  heboid 
it;  and  that  it  wolde  semen  him  to  dye  for  drede,  so  hideouse  is  it  fi>r 
to  beholde.  For  he  beholdethe  every  man  so  scharpley,  witb  drediUlle 
eyeo  that  ben  evere  more  movynge  and  sparklynge  as  niyr,  and  cbaang- 
ethe  and  aterothe  «o  often  in  dyverse  manere,  witb  so  borrible  counte- 
nance, that  no  man  dar  not  neighen  [approach]  towardea  him.  Atdjiv 
Aim  eometke  tmoke  and  ftynk  andjityr,  and  so  much  abhomynacioun,  that 
unethe  no  man  may  there  endure."  This  was  one  of  the  tricks  which 
the  traveUer  could  not  tell,  whethejr  it  was  done  "  by  craft  or  by  negitH' 
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iBBDcTe."  Fmm  sutomata  be  uw  in  the  country  belonging  to  Prester 
John's  &tber-ia-lBw,  [China]  he  was  led  to  conclude  that  artists  thera 
BurpaSBed  all  men  under  hemvftn  fur  deceptive  inventions. 

That  devices  like  the  one  just  descnt>ed,  or  similar  to  the  brazen 
hoTMS  of  Reeneras,  were  in  vogue  in  the  East,  in  Maundeville's  time,  ap- 
pears from  Marco  Paulo,  who  mentions  magic  contrivances  for  darken- 
ing the  air  with  clonds  of  smoke,  Sk.  in  use  by  the  military,  and  under 
cover  of  which  many  were  slain.  Marco  himself  was  once  in  danger  of 
his  life  on  such  an  occasion:  ha  escaped,  but  several  of  his  associates 
were  cut  off. 


Had  not  ideas  of  fire-spouting  nondescripts  been  exceedingly  ancient 
they  had  never  become  so  intimately  and  universally  mixed  up  with 
human  affairs.  Throughout  the  old  world  the  dragon  was  the  ne  jdiu 
tikra  of  impersonations  of  the  horrible — the  king  of  monsters.  Ii  is  so 
now,  and  a  more  appalling  one,  or  one  invested  with  more  terrific  quali- 
ties cannot  be  devised.  So  deeply  was  its  image  impressed  on  ancient 
minds  that  it  pervaded  history,  song,  and  all  religions.  We  meet  with  it 
in  the  Scriptures  as  well  as  in  the  claaaica.  The  devil,  from  his  reputed 
connection  with  smoke  and  liquid  fire,  is  named  "the  great  dragon."  In 
old  religious  processions,  and  in  the  "myatei-ies"  or  dramatic  represen- 
tations of  the  church,  Satan  was  symbolised  by  an  image  of  a  dragon 
spitting  fire.  The  author  of  the  apocalypse  seems  to  allude  to  mythic 
fire-breaihing  images  in  the  following  passage.  "  If  any  man  will  hurt 
them,  fire  proceedeth  out  of  their  mouths  and  devoureth  their  enemies."  * 

The  universal  custom  of  exhibiting  figures  of  dragons  in  ecclesias- 
tical and  civic  pomps  was  a  mythic  relic — a  practice  continued  from 
times  when  captured  idols  and  warring  Eulipiles  were  led  in  triumph. 
Then,  objects  of  superstitious  dread,  they  now  amused  spectators:  at 
the  coronation  of  Anne  Bulleyn,  a  "foyste"  or  galley  preceded  the 
lord  mayor's  barge;  "in  which  foyste  was  a  great  red  dragon,  continu- 
ally moving  and  casting  forth  wild  fire  :  and  round  about  the  said  Ibyste 
stood  terrible,  monstrous  and  wilde  men,  casting  fire  and  making  a  hide- 
ous noise."  If  the  truth  could  be  known,  there  would  be  found  little  dif- 
ference between  this  modem  monster  and  some  of  its  ancient  namesakes. 

No  chimerical  being  was  ever  so  celebrated  as  the  dragon.  To  it 
temples  were  dedicated,  of  which  some  remained  in  classical  erss.  The 
practice  is  continued  in  China.  Of  an  oflicial  dignitary  it  is  said,  ere  he 
entered  on  the  duties  of  bis  office  (at  Canton,)  he  one  morning  paid  his 
devodotw  at  eight  templea,  of  which  one  was  consecrated  to  the  god  of 
fire,  another  to  the  god  of  wind,  and  a  third  to  the  dragon  or  dragon- 
king.  "  The  festival  of  the  dragon-boats  "  is  another  relic  of  times  when 
these  artificial  monsters  were  in  vogue.  [CMneie  Rfp.  iii.  95,  47.]  The 
legends  of  China  and  Japan  teem  with  dragon  allegories  and  apologues. 
The  figure  is  an  imperial  emblem,  and  as  such  is  wrought  on  robes, 
painted  on  porcelain,  carved  on  dwellings,  ships,  furniture  and  other 

■  la  Scandinavian  and  sncieni  Biilish 

Europe,  the  dragon  was  ihe  unireraal  mini ^., _.   ._  ._  .,  

tvpicat  of  sll  d«stmctive  snnUi — of  wslcr  .i>  well  an  fiie.  Ii  became  a  lymbol  of  tba 
deluge,  on  which  sccoani  fibres  or  ii  pouring  vaier  from  ibe  moulh  were  adopled  in 
ancieat  founuins.  Some  or  these  have  been  noticed  in  ihis  volume.  May  no>  St. 
John  have  had  one  Id  view  when  he  wrote  "  Anil  the  dragon  cast  oat  of  his  noQIk 
VBlerasaHoad."  [Jt».  xii  IS-ST.] 
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works  of  art.  No  people  retain  so  msny  characteTiatics  of  times  vrhen 
Bolipilic  monsters  flouriabed.  Tbey  act  on  the  same  principle  u  old 
warriors  did,  bj  trying  to  frighten  tbeir  enemies  with  warlike  acare- 
crows,  with  pompous  ordera — assoraiog  the  Isngu^e  of  goda  and  ad' 
dressing  other  people  as  dttvils,  dogs  and  reptiles.  Their  taste  for  tha 
horrible  extends  to  civil  life;  things  of  the  wildest  forms  which  imagi- 
nation  can  fumiiib  or  nature  reveal  are  most  highly  prized, 

Aa  a  guardian  of  temples,  sacred  groves  and  nr^aures,  the  celebrity 
of  the  dragon  has  continued  to  present  times.  Enforcing  a  principle  in 
ancient  ethics,  it  kept  the  ignorant  honest  by  frightening  them.  But  when 
it  lost  this  magic  power,  and  enchanted  chambers  could  no  longer  be 
relied  on,  eastern  monarche  sought  out  natural  monsters  to  guard  theit 
precious  stones  and  living  jewels.  Defonned  negroes;  the  most  hideous 
of  nature's  abortions,  are  now  the  sentinels  of  eastern  treasuries  and 
•ersgiios. 

Mythic  dragons  had  commonly  a  multiplicity  of  heads.  This  was  in 
keeping  with  their  design  and  with  the  taste  of  the  times.  Each  addi- 
tional member  adding  horror  to  their  appearance  and  fumisbing  in  the 
mouth  and  eyes  additional  orifices  for  the  issuing  flames ;  like  fire-en- 
gines that  eject  several  streami.  The  device  is  very  aoalagous  to  others 
common  in  old  war-engines.  The  idea  was  adopted  by  the  author  of  the 
most  figurative  book  of  the  Scriptures.  He  speaks  of  "  a  great  red  dis- 
gon  with  seven  beads  and  ten  hems."  The  figure  No.  286  it  will  be 
seen  has  one  horn.  Most  of  the  idols  of  the  Hindoos,  and  of  the  orientals 
generally,  have  numerous  heads,  and  some  have  horns.  By  dragons  in 
Uie  Bible,  crocodiles,  or  large  serpents,  are  commonly  intend^,  hut 
chimerical  or  mythic  beings  are  obviously  intended  in  such  passages  as 
tbe  one  above  <] noted. 

Another  characteristic  tn  dragon  biography,  altribnted  to  rather  mo- 
dern individuals,  was  an  undoubted  trait  in  the  patriarchs  of  the  species. 
Whea  one  was  overcorne  without  being  demolished,  it  was  generally  led 
in  [riumph,  in  the  manner  of  Theseus  showing  off  tha  Marathonian  bull 
ID  the  streets  of  Athens — or  of  Saint  Remain  leading  with  his  stole  b 
fierce  dragon  to  the  market-place  at  Rouen — the  victor  receiving  the  con- 
gratulatious  of  his  countrymen  on  his  prowess,  and  the  prisoner  behav- 
ing the  while,  as  well  behaved  prisoners  should — i,  b.  silently  submit* 
ting  to  the  will  of  the  captors.  Suppose  the  dragon  figured  at  No.  289, 
exhausted  of  its  contents,  (in  battle  it  would  often  require  fresh  charging,) 
its  movements  put  a  stop  to,  and  in  that  condition  captured  ;  what  fol- 
lows, but  that  the  victors  put  one  end  of  a  rope  round  its  nock  and  the 
other  in  their  hands ;  and  nave  we  not  then  a  perfect  representation  of  a 
fiery  monster  becoming  harmless  as  &  lamb  and  tamely  submitting  to  be 
led  about,  as  ancient  chronicles  have  it,  "  like  a  meke  beaste  and  do- 
bonayre." 

But  the  dragon  was  dedicated  to  Minerva;  and  to  whom  else  could 
it  have  been  so  appropriately  devoted  1  One  might  almost  fancy  she 
mounted  this  popular  form  of  the  Eolipile  on  her  cap  as  a  complimeBt 
to  old  artists.  Certainly  if  the  patroness  of  the  useful  arts  had  now  to 
■elect  an  expressive  symbol  of  her  best  gift  to  mortals,  she  would  adopt 
the  same  thing  in  its  modem  shape — a  miniature  engine  and  boiler. 
This  she  would  consider,  like  Worcester,  her  "  crowning"  device-  But 
it  is  perhaps  said,  the  ornament  on  her  crest  was  an  emblem  of  war. 
Well,  was  not  that  the  chief  use  to  which  Eolipilic  dragons  were  puti 
Then  was  she  not  so  familiar  with  artificial  lightning  and  thunder  as  to 
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nave  rivalled  her  father  in  harliag  them  Bt  will  on  her  fbea.  Sha  took 
part  in  the  wan  of  the  giants,  and  destroyed  not  the  lea«t  of  the  kindred 
of  Typhon  herBelf  Another  circnmstance  indicative  of  her  acquaintance 
with  £olipiIic  contriTances  ia  the  fact,  (noticed  on  a  prerioua  page,}  of 
her  image  at  Troy  having  the  jkculty  of  sending  flames  from  ica  eyes. 

It  were  easy  thus  to  proceed  and  point  out  the  artificial  character  of 
moat  of  the  imaginary  monsters  of  antiquity — to  render  in  a  high  decree 
probable,  that,  like  acknowledged  ondroidal  and  autoibatol  productions 
of  Vulcan,  Diedalus,  Icarus,  Verillus,  and  other  artists  named  by  Fliny  in 
his  34th  Book,  they  were  originally  mechanical,  pyrotechnicaloreolipilic 
images ;  sometimes  combining  two  or  more  and  occasionally  other  ele- 
ments in  their  functions  and  movements ;  that  the  faculty  of  locomotion 
attributed  to  some  accorded  not  only  with  applications  of  modem  me- 
chanism, but  with  avowed  artificial  contrivances  of  ancient  artists,  and 
that  their  material  natures  were,  in  after  times,  construed  into  the  ideal, 
either  &om  ignorance  or  by  the  imagination  of  poets — but  this  is  unne- 
cessary. £nough  has  been  said  to  induce  the  reader  to  pursue  the  sub- 
ject, or  to  reject  the  hypothesis  as  untenable.  The  antiquity  of  Eolipiles 
is  unquestionable.  Their  ori^n  is  lost  in  remote  time.  We  know  they 
were  made  in  fantastic  and  frightful  forma,  were  used  as  idols,  designed 
to  spout  fluids  and  eject  fire — the  very  attributes  ascribed  to  mythic 
monsters.  Is  it  unreasonable  then  to  suppose  the  latter  had  no  existence 
except  as  Eolipiles  1  But  if  it  be  contended  they  were  wholly  figurative, 
from  what  were  the  conceptions  derived,  if  Eolipiles  were  not  the  thtngt 
they  symbolized  ;  and  bow  account  for  coincidences  which  nothing  else 
in  nature  or  in  art  can  produce!  One  observation  more,  and  we 
conclude : — 

Early  applications  of  Eolipiles  and  their  present  employment  as  steam 
boilers,  suggest  some  interesting  analogies.  Emblems  of  half  cirilized 
times  and  races,  they  connect  the  remote  part  with  the  'present.  Ordain- 
ed as  it  were  to  move  in  advance  of  the  arts  and  astonish  mankind,  they 
have  loet  none  of  their  virtue.  If  their  ancient  vagaries  shook  commu- 
niriea  with  alarm,  their  current  deeds  are  eliciting  the  worid's  admira- 
tion. They  furnished  tradition  with  marvellous  stories,  and  modern  his- 
tory is  engaged  in  recording  their  wonders.  They  supplied  materials  for 
Use  earliest  and  worst  chapters  in  the  earth's  annaU ;  to  them  and  their 
eflects  will  be  devoted  some  of  the  latest  snd  best.  Formerly  they  feebly 
personated  Gods  ;  now,  the  sole  animators  of  our  grand  motive  engines, 
they  annihilate  time  and  space  by  their  movements  and  laugh  at  all  phy- 
sical resistance.  Children  watch  their  operations  with  ecstacy  and  old 
men  hardly  believe  what  they  see.  Once  an  instrument  of  the  worst 
of  tyrannies,  the  Eolipile  is  becoming  the  most  effectual  agent  in  the  ex- 
tinction of  tyrants.  Instead  of  acting,  as  ofyore,  on  human  fears  ;  debasing 
the  mind  and  furthering  the  views  of  oppressors,  it  captivates  the  judg- 
ment of  the  wisest,  elevates  nations  in  morals,  and  confeis  on  them 
wealth  snd  extended  domain.  The  gem  of  old  miracle-mongers,  it  is  the 
Staple  device  of  liring  magicians,  for  its  present  improvers  and  users  are 
the  genuine  repreaentatiTea  of  Pharaonic  Savans  and  mythologic  Magi. 

Hew-Tork,  Jolj,  IBIS. 
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